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H-Handle Standard Robotic Interface

The Space Station Freedom Program,

under the leadership of Level II Automation
and Robotics personnel has developed
Robotic Systems Integration Standards to
to ensure maximum utilization and

effectiveness across all work package
systems for the robotics replacement of
most Space Station Freedom ORUs.
Robotic Systems Integration Standards
developed include the Micro standard for
ORUs from 0 - 250 Ibs. and the H-Handle
standard for ORUs from 100- 1200 Ibs. In

addition, interfaces have been defined for

tool changeout mechanisms and visual
cues. These robotics standards are also

applicable to the Canadian Spectal
Purpose Dexterous Manipulator which
provides Space Station Freedom with
dexterous manipulator capabilities-.



Introduction

Background
In responseto the mandateof Congress,
NASAestablished,in 1984,theAdvanced
TechnologyAdvisoryCommittee(ATAC)to
preparea reportidentifyingspecificSpace
StationFreedom(SSF)systemswhich
advanceautomationandrobotics(A&R)
technologies.InMarch1985, as requiredby
Public Law 98-371, ATACreportedto
Congressthe resultsof itsstudies(ref.1).
Thefirst ATACreportproposedgoalsfor
automationandroboticsapplicationsfor the
initialandevolutionaryspacestation.
Additionally,ATACprovided recommenda-
tions to guidethe implementationof
automationandroboticsintheSpace
StationFreedomProgram (SSFP).

A further requirementofthe lawwasthat
ATACfollow NASA'sprogressin thisarea
andreportto Congresssemiannually.Inthis
contextATAC'smissionis consideredto be
the following.

A TACMission

Independentlyreviewconductofthe
SpaceStationFreedomProgramto
assessthe applicationof A&R technol-
ogywithconsiderationforsafety,
reliability,schedule,performance,and
costeffectiveness(includinglife-cycle
costa).Basedupontheseassessments,
developrecommendationsto enhance
A&R technologyapplication,andreview
the recommendationswithNASA

managementfor their implementation.
Reportassessmentsandrecommenda-
tionstwiceannuallyto Congress.

TheSpaceStation FreedomProgramis
chargedwithdevelopingabaselinestation
configurationthatprovidesan initial
operationalcapabilityand which,in addition,
can beevolved to supporta rangeoffuture
missionscenariosinkeepingwiththe needs

of spacestationusersand the long-term
goalsof U.S.spacepolicy.

TheATAChas continuedto monitorand
preparesemiannualreportsonNASA's
progressinthe useof automation and
roboticsinachievingthisgoal.Thereports
aredocumentedinthe ATACProgress
Reports1through11 (refs.2-12). Progress
Reports1 through5 coveredthedefinition
andpreliminary designphase (PhaseB) of
SpaceStation Freedom.Progress Reports6
through 11 coveredthe startupofthe
designanddevelopmentphase(phaseC/D)
ofthe SSF.PhaseC/Dwill leadto a com-
pletelyassembled stationto be operational
in the late-1990's.

ATACProgressReport11, asprevious
ATACreports,receivedwidedissemination.
ATACProgressReport11 wasdistributedin
thefollowing categories:

Congress: 25 Copies
NASA: 240 Copies
Industn]: 110 Copies
Universities: 50 Copies
Total: 425 Copies

An additional400 copiesof ATACProgress
Report11 weredistributed withthe NASA
AerospaceSafetyAdvisory PanelAnnual
Report.

Thisreportisthetwelfth in the seriesof
progress updatesand coversthe period of
August23, 1990, throughFebruary14,
1991.To provide a useful,concisereport
format, allof the committee'sassessments
havebeen includedin the section"ATAC
Assessments."This sectionofthe report
includescommentsonSSFP'sprogress in
respondingto the ATACrecommendations
in Report11. Also, summariesof progress
inA & R inthe SpaceStationFreedom
Program Officeandthe FlightTelerobotic
Servicer (FTS)aswrittenby thoseoffices,
respectively,areprovidedas appendices.
The report drawsuponindividualATAC
members'understandingandassessments



oftheapplicationofA&RintheSSFPand
uponmaterialpresentedduringan ATAC
meeting heldFebruary12-14, 1991, forthe
purposesof reviewingtheSSFPA&R
activitiesandformulatingthepointsofthis
report.

Climate
In the firsthalf of 1990the SpaceStation
FreedomProgramconducteda descoping
of the SSFdesigninorderto meetpower
andweightlimitations.Theimpactofthat
descopeddesignonA&R wasaddressedin
ATACProgressReport11.

Inthe fallof 1990, Congressmandated
an $8B budgetreductionforthe Space
StationFreedomProgramoverthe next5
years,includinga reductionin FY91from
$2.6Bto $2.0B. Thisbudgetreductionof
$600M causedtheSSFPto initiatea major
restructuringactivityandafurther
descopingof the SpaceStationFreedom
design.At thetime of the February1991
ATACmeeting,the extentof the restructur-
ingwasnot fullydefinedbySSFP,and
ATACwas notableto completeitsassess-
mentonthe impactof restructuringon
advancedautomationandrobotics.

However, the currentrestructuring

activitywill have a major impactonthe
implementationof U.S.-developed
advancedautomafionand robotics

technologiesif a plan is notdeveloped
andimplementedto migratethis

technologyfrom the groundto onboard
SSFsystems.

SSF A&R Programmatic Decisions

TheSSFPreportedtwo majorA&R
programmaticdecisionsatthe recentATAC
meeting:

(1) "to moveall automationfrom
onboardSSFto the groundexceptfor
time critical functions,and(2) to
transferthe FTSto OAET."

Thesedecisionshaveseveralpotential
implicationsincludinghigherlong-termlife-
cycleoperationalcosts,feweronboard
capabilitiesfor supportingengineeringand
scienceexperiments,degradedscientific
experimentalcapabilitiesduringthe man-
tendedphase,andsolerelianceona foreign
supplieddexterousroboticcapability.The
full impactof thesedecisionshasnotbeen
assessed.In additionit appearsthat no
planshavebeenspecificallydefinedatthis
timefor implementingthe A&Rmoveto the
groundnorformigratingthe capabilities
laterto onboardSSF.

ATACfullyunderstandsthe SSFP
decisionsin lightof the Congressionally
mandatedbudgetreductions.However,
ATAC,withinits Charter,mustalso

informCongressthat these decisions
reflecta lossof U.S. commitmentto be

a worldleader orevena knowledgeable
participantin advancedautomationand
roboticsforspaceapplications.

ATACConcerns

Ground-BasedSSF Science, Opera-

tions, and Maintenance

Forseveralyearsthe members of the ATAC
communityhaveproposedthat implementa-
tion of ground-basedadvancedA&R into
the SpaceStationControlCenterandthe
SpaceStationPayloadCentercan leadto
significantly increasedcapabilitiesand
reducedcost for SSFP.In that contextand
as a result of a major reduction in program
funds, ATACagreeswith the recent
decisionsto move manyof the functions to
the ground for the short-term initial
assemblyphaseof the SSF.However,to

realizethosesavingsand increased
capabilities,theSSFPmust carryfo_ard a
comprehensiveplanfor useof advanced
automation in theseground facilities.

ATACis concernedthatplans havenot
beensufficientlydefinedfor incorpora-
tion of ground-basedadvancedautoma-
tion technologiesthatwill lead to the
achievementof these benefits.Thereis
furtherconcernthatnodefinitive

planningefforthasbeeninitiatedto
considerthe processfor eventual
migrationof someof the automation

techniquesdevelopedon the ground
backto theflightsystem.If this function
is notaddressed,then the long-term
costofownershipofthe SSFwill
significantlyoutweighanyshort-term
advantagesresulting from the program-
maticdecisions.There is concernabout

b_eviabilityofkeepingthe "marching
army"on the groundtechnically
competentoverthe 3g-yearlifetime of
the project.Duringitsnext review cycle,
the ATACcommitteewill requesta
reviewof groundoperationsimpactsas
a resultofthe recentscrubactivityand
detailedbriefingsfor the incorporation
of advancedautomationtechnologies.

ATACis also concernedthatthe feasibil-
ity for teleoperationof the SSFrobotics
systemsfrom the ground is not being
adequatelyaddressed.Despitethe recom-
mendationof the Fisher-Pricestudy "to
implement ground-basedremotecontrolof
SSFrobots for monitoring andcontrol of all
robot functions" and"to evaluatethe
benefits of the use of ground-controlled
robotsearlyin the assemblytime period
betweenshuttle flights,"there isinadequate
SSFPplanningto determinethe feasibility
for operation of SSFrobots from the
ground.



Onboard SSF Science, Operations,

and Maintenance

As partof the restructuring process,Space
Station Freedom'sscientificuseis being
directedtowardsLife SciencesandMaterial
Sciencesresearchandexperiments.It
appearsthatmost, if notall, of these
experimentswill occurafterthe man-tended
phaseis completed.In addition,it appears
thatthe experiments'requirementshavenot
beenevaluatedagainstthe capabilities
affordedbythe restructuredSpaceStation
infrastructure.

ATAChastwo concernswith this

approach:SpaceStationcapabilitiesare
notbeingfully utilizedto supportthe

researchfocusofSpaceStationduring
the man-tendedphase;and, an IVA
studyhas notbeeninitiatedto investi-
gatethe role of humansandmachines
inthe conductoftheseexperiments.

It is the opinionof ATACthat the use of
advancedautomation during the man-
tended phaseof the Stationassemblycan
provide additionalsupport of early experi-
ments during this periodof station opera-
tion. Lackof scientific utilization of the
SpaceStationduring the man-tendedphase
may leadto disinterest in the Science
community in useof theStation afterthe
man-tendedphaseis over.

There is doubt that the SSFEVAactivities
including maintenanceand operationscan
beconductedwithout the use of robotics.
However,if the use of robotics is required,
then the SSFprogram willbecomehighly
dependenton the Canadian-developed
SpaceStation RemoteManipulatorSystem
(SSRMS)coupled with the SpecialPurpose
DexterousManipulator(SPDM). This
dependencyon the CanadianSSRMSand
SPDM is dueto the deletion of the FTSas a

SpaceStationflight elementand has been
transferred to the NASAOffice of Aeronau-
tics, Explorationand Technology(OAET)for

integration into their overallA&R research
program. TheCanadianroboticsprogram
presentedatthe lastATACmeetingin
Restonrepresenteda highlyfocused and
integratedtechnologyprogram leadingto
the eventualevolutionof intelligentrobotics.
Theprogramaddressedneartermaswell
as far termtechnologyrequirementsand
focused theAI androboticsresearchwithin

the Canadiancommunityto acommon
space-orientedgoal.

ATACis concemed,however,that a

backuproboticssystemand]orset of
validatedroboticstechnologiesare not
beingpursuedwithin the UnitedStates

for U. S. specificmissionrequirements.

TheSpaceStation decision totransfer the
FTSfrom the SpaceStation program to
NASAHeadquartersOAEThas removedthe
technologyfocus andemphasis for ITS,
and its "end product" functional utility is of
concernto ATAC.

A&R Evolution

The latest restructuringactivities have
drastically reducedthe DataManagement
System's (DMS) StandardDataProcessors
(SDP) from 14 to 6 with little, if any,
performancecontingencymargin. The
number of sensors andonboard sensor
processing hasalsobeensignificantly
reducedwith minimum capabilityfor
onboard FaultDetection,Isolation and
Recovery(FDIR)capabilities.Fromthe
presentationsgiven to ATAC,the engineer-
ing criteria/rationaleutilized in the sensor
selectionprocess could not bedetermined.

Thecapabilityto implementadvanced
automationcapabilitiesin the future,
e.g., automatedfault managementand

controlandsystemhealthmanagement,
may havebeenseverelycompromised
by thesensordeletionprocessand may
resultinall relatedfunctionsbeing

permanentlyrelegated to groundcontrol
dueto prohibitivecostsforfuture
onboardimplementation.

A procedurefor assessinglife-cycle
costs should be developedand standardized
for use in the decisionprocess for the
implementationof advancedA&R across all
workpackages.Industryhasalreadyrealized
a significant return on its investmentfor
advancedautomation technologiesin
specificareas of ground-basedapplications.

SpaceStationFreedom,with a research
emphasison life sciencesandmaterial
sciences,can serveas aforcing function for
the developmentandverification of
automationand robotics technologiesto
monitor, maintain, and repair complex
hardwaresystems in space.

However,before this canbecomea
reality, the technologybasedeveloped
by OAETmust be integrated,coordi-
nated, andfocusedto Space Station's
advancedA&R programmaticrequire-
ments.

Withoutthis technology integrationand
coordination, technologywill be developed
for technology's sakeonly. With the
technology focused on specificprogram
needs/requirements,the resulting
demonstrationswill leadto the flight
qualificationof newA&R technologiesto
enablefuture missions, reducesystems
costs, and increasethe competitivenessof
the UnitedStates.

Adequatefunding mustalsobe ensured
andmaintainedto achievea realistic

SSFadvancedtechnologydevelopment
programwhichcan meetits program
objectivesin a timely mannerandallow
technologytransferbetweenOAETand
SSFP.ATACfeels that this technology
"transfer gap" cannotbe ignoredany
longerif the UnitedStatesis to maintain
its leadershipinspace.
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Inaddition,testbedsfor supportof engi-
neeringanalysisandtradeoffsare notbeing
maintained;thiscapabilityis avaluableand
criticalresourcewhichtheStation should
useto fullytest, evaluate,andveri_]
integratedsystems/subsystems.These
testbedsrepresenta majorinvestmentby
NASA inpreviousyearsand, inmostcases,
canbe maintainedwithminimumfunding
and canyield a positivereturnon NASA's
investment.

In summary,the recentSSFrestructur-
ing activitieshave beendrivenby cost,
power, andweightconstraints.Dueto
these requirements, advancedonboard

roboticscapabilitieshave been rel-
egatedto foreignparticipation,and
advancedonboardautomationfunctions

delegatedto groundmissioncontrol.
There is seriousconcernthat these

decisionswill limit the scientific,
operational,andmaintenancecapabili-
ties of the SSFdueto the highlong-term
costs. In addition,there is a program-
matic trendthat suggeststhat the U.S.
role in spaceautomationandrobotics
will notonlybe severelydegradedbut
will alsobe highlydependentinthe
futureonforeign-developedA&R
technologiesfor usein U.S. missions.
ATACwill require a detailedbriefing,
duringthe nextreviewcycle, ofthe
plansto implementadvancedA&R
technologiesin the groundfacilities
witheventualmigrationto onboardSSF
systems.

PotentialImpactto U.S LeadeF

shipinSpaceRobotics
Thereasonsfor havinga long-termnational
commitmentto AutomationandRobotics

remainrelevant(i.e., long-termproductivity
andfinancialleverage).Thesebenefits
requirea long-termnationalcommitmentto
A&R technology.TheU.S.applicationsof
teleroboticsto the SpaceStationFreedom
are now on the vergeof disintegration and
collapse.The requirementsfor U.S.
assembly,servicing, or repairof U.S.assets
in spaceare plannedto besatisfiedby
foreign technology from the Japanese,
Canadians,andEuropeans.This represents
a most dangeroussituation for the future of
spacerobotics technology developmentin
the UnitedStates.

There is currently a large researchand
technology basein telerobotics in the United
Statesas a result of the Congressional
mandatewhich establishedATAC.The U.S.
holds its own in the internationalforums in
A&Rtechnology.

However,the U.S. doesnothavea

commitmentto the engineeringdevel-
opmentand the applicationstestingand
refinementofflightteleroboticsystems.

The JapaneseandEuropeanshaveestab-
lisheddevelopmentprogramsfor intelligent
robots for terrestrialandspaceapplications,
and Canadahasestablishedasignificant
program as partof SSF.Withthe reduction
of funding and emphasis in the nuclear
powerfield, the FTSprogram wasthe only
major teleroboticsactivity in the United
States.The removalof the FTSfrom the
SpaceStationFreedomProgram could
significantlydelaythis technology in the
UnitedStates.

ATACis of the opinionthat (1) a long-
term U.S. commitmentto teleroboticsis

still required inthe nationalinterest;(2)
a developmentprojectwitha deliver-
ableflightsystem, like FTS,andrelated
to technology programsis a viableway
to pursuethisinterest;(3) withcost/
benefittradeoffsin mind, the currently
plannedDTF-1experimentshould
proceedunchanged;and(4) as a follow
onto DTF-1, OAETshouldbe encour-
agedto implementan intelligent

teleroboticsflightdevelopmentproject
withdeliveryandapplicationonSSFor
anotherNASAflightprogram.

FocusofNextATACMeeting
Restructuringhasshiftedtheemphasisof
SSFPA&R implementationfromonboardto
the ground. Also,some portions of the
sciencecommunitycontendthat experiment
capabilitywill bedegradedby lackof
advancedautomationtechnologies.Because
of these reasons,it is proposedthat the next
ATACmeeting befocused as follows:

1. SSFPplansfor A&Rimplementation
intothe SpaceStationControlCenter
and intothe SpaceStationPayload
Center.

2. Capabilityof SSFto supportlife and
material scienceexperiments.

ThecurrentSSFPproposalisto havethe
meetinghostedby LevelIII atJSCin mid-
August1991.



ATACAssessments

The/STAGassessmentsfor this reporting
periodarebased upon the committee's
appraisalsof progress in advancedautoma-
tion and robotics for SpaceStation Freedom
to the extentpossible in the midst of the
restructuringactivities.A reviewof the
progresstowardthe recommendationsfrom
ATAC'smost recentreport, ProgressReport
11, will bediscussedfirst, followed by a
reviewof topics explicitlyaddressedduring
the February'12-14, 1991, ATACmeeting,
andthen a discussionof new A&R issues.

Beforeaddressingthe Progresson ATAC
Report11 recommendations,however, it is
important to note that the program restruc-
turing hasentirelychangedthe context
which existedat the time theserecom-
mendationswere made.Namely,it was
assumedthat the UnitedStateswould be
involvedin dexterous robotics in the form of
the FTS.Therefore,making recommenda-
tions which integratedFTSinto the SSFPin
effectiveways wasnatural.Now, with the
transfer of the FTSout of the SSFPinto

OAETas a researchexperiment,the
Station's requirementsfor robotics will be
provided by the CanadianSpecialPurpose
DexterousManipulator(SPDM).

It is ATAC'sunderstandingthatthe
Congresshadprovidedfundingfor
NASA'sA&R programwith the specific
intentto focusandtransferthe A&R
technologiesintothe U. S. industrial
sectorandeconomybyusingSpace
StationFreedomasthe focused

application.Duetothe congressional
budgetconstraints,the SSFP,as
currentlyrestructured, is contraryto this
intent.

In concertwiththis restructuring decision,
ATACnow has a minimal role, if any, in the
reviewand assessmentof robotics appli-
cableto SSFP.

AssessmentofSSFPProgress

onATACReport11
Recommendations

ATAC Progress Report 11,

Recommendation I: ORU Standards.

"Define andimplementpriorto CDRa
formal designstandardfor ORUsthat
will be bothastronautand robotic

friendlyin all SSFworkpackages."

It is the ATAC'sassessmentthat the
restructured SSFhas incorporatedboth
astronaut and robotic friendly designsfor
accessand reachwhich enableassembly
and maintenanceby either humans or
robotic systems.This is extremelyencour-
aging. Substantialwork (especiallyby Level
II, JSC, GSFC,LeRC,MDSSC,Rocketdyne,
and Canada)has beendoneto draft the
Robotic Systems Integration Standards
(RSIS)Volumes 1 and 2, andto complete
an InterfaceDesign Review(IDR) on
standarddesignsfor robot-to-ORU inter-
faces. However,despite this, no specific
dexterous robotic tasks are identified yet in
program documentation,and the RSIShas
not yet beenbaselinedas planned6 months
ago. There is enough inertia in the design
cycle so that little robotic compatibility yet
exists. This is true of both the individual

ORUdesignsand the positioning and
orientation of the ORUsin the truss

segments.
TheIDR recommendedtwo integrated

attachment mechanism/graspareainter-
facesfor different mass ORUs,a common
tool/end effector design,and avisual cue
design.Thesearestandard designsfor the
robot-to-ORUinterfaces.Additional robotic
interface classes,the ORU-to-Station,the
Robot-to-SSF,andthe Robot-to-End



Effector/Toolinterfacesareundefinedas
yet, andareintendedto beaddressedin
futureIDRs.TheHuman-to-Robotinterfaces
andstandardsareseparatedorganiza-
tionallyat LevelII fromthe roboticsystems
enginsefingwhileclearlybeinga critical
elementof robotictaskaccomplishment. A
futureIDR shouldalsoaddressthisarea.
Viewinghasnotyet beenaddressedfrom
the Pre-lntegratedTruss(PIT) perspective.
Forinstance,the numberof cameras
useablefor roboticoperationshasbeen
reducedto four eventhoughthe restruc-
turedSSFhasalsoremoveddirectlineof
sightfor mostlocations.Also,the deletion
of thespecialeffectsprocessor reducesthe
maximumnumberof simultaneousviews
possible from five to threewhichimpacts
dexteroustaskperformance.

Havingthe specifiedLevelII interfaces
doesnotensurethat ORUscanbemain-
tained.Maintenancetask verificationisa
requirementthat is notaddressedor
planned.Thisinvolvesdesignandveri-
fication of roboticcapability,designand
verificationof interfacesand"reachand
clearance"envelopes,andmaintenancetask
verificationtesting.

ThesummaryATACassessmentisthat a
reasonablestarthasbeenmadeonthis

ATACrecommendation;however,many
veryimportantaspectsremainto be
addressedby thedeltaPreliminaryDesign
Review(PDR) inJuly.

ATAC Progress Report 11,

Recommendation I1:

A&R Development Tools.

"Develop and implementpriorto CDRa
commonset of roboticpdmitives,
simulaUonsystems,andmodelingtools
for useby all the roboticsystems
developersacrossall workpackages."

TheATACassessmentof SSFPprogress
onthisrecommendationisthatthe intentis
therebut littlehasactuallybeenimple-
mented.A RoboticsWorkingGroup
meeting,planned for March1991, should
establisha scheduleof accomplishmentof
neededcommondesign,modeling,
simulation,and analysistoolsforrobotics
as wellasdefinerolesand responsibilities
(includingtheCanadianSpaceAgency)for
thesetools.Criteriafor performance
assessmentsusingallroboticsimulations
andallcomputermodelswereaddressed
betweenGSFC,JSC,MartinMarietta,and
MDSSCto supportFTSanalysis,butthis
activityhasbeeneffectivelyhalteddueto
restructuringactivities.

Only inthesimulationmodelsand
collisionpredictionandavoidanceareas
havetherebeensubstantialeffortsto
standardizeandcoordinatetoolsandtheir
use.

ATACrecognizesthatin regardto
modelsandsimulations,it is difficultto gain
commonality.In mostcasessimulationsare
developedbydifferentorganizationsfor
specificanalysisobjectives.Rarelyarethose
objectivesthe same,whichis whyit often
seemsthatsimulationsoranalysesare
redundantor overlapping,wheninfactthey
aretailoredfordifferentpurposes. Models,
bothgeometricandmath,arealsohardto
transferreadilyfrom onefacility to another
insoftwareformunlessa commonsoftware
developmentenvironmentis definedand
implementedearlyin theprocess.

TheMultibodyInteractiveDynamicsof
theArmsandStation (MIDAS)simulation
and analysiseffortatLevel II is focused on
integrationanalyses.Its implementation
musttakeintoaccountthe user'sneedsfor
easyaccessandtrainingatthe various
centersandcontractors.Thisworkseems
to beinits earlystagesand theimportance
of its coordinationwiththevariousdesign

andoperationsorganizationsisapparently
wellappreciated.A recognitionthatthe
fidelityrequiredby individualsubsystemsin
theirownsimulationscannot betotally
maintainedinthe integratedsimulation
wouldmakeMIDASa morepracticaltoolto
servetheneedsof LevelII integration.

ATACProgress Report 11,

Recommendation II1:End-to-End

Software Integration.

"Develop and implementpriorto CDR
softwarestandards,SoftwareSupport
Environmentstandards,anda planto
provideend-to-endsoftwareintegration
for bothflightandgroundapplications."

NeithersoftwarestandardsnorSoftware
Support Environment(SSE)standardswere
addressedby LevelII intheATACbriefings.

As partof restructuring,the SSFPis
rethinkingitssoftwareacquisition,develop-
ment,andintegrationapproachand has
targetedlateMarch1991asa decisiondate.
Certainfunctionalityhasbeenrestructured
fromonboardto groundcapability(e.g.,
inventorymanagementandfaultdiagnosis
andrecovery)whichalsoimpactsstandards
andintegrationplans.Giventhesemajor
changesthereis nosoftwareintegration
planas yet, nora scheduleto producethis
plan.

Thereareflightto groundfunctional
partitioningrules(e.g.,onlytime-critical
functionswillremainautomatedonthe
station).What functions are,andwhat
functionsarenotcriticalremainto be
definedinspecificterms.Thefunctional
partitioning rulesdealingwiththe "Zone of
Exclusion"andTDRSShandovershould
receiveadditionalattention.

Thereiscurrentlynotestbedfor
IntegratedStationExecutivesoftware
testing as is needed,dueto the termination



of the 0MS Integrationtestbed priorto the
operationalstatus of theAvionics Integra-
tion Environment.

TheATACassessmentis that little
progress has beenreportedin this areaas
yet, and that essentiallyno software
infrastructure exists (or is planned) for the
inclusion of advancedautomationap-
proaches.Thus, future inclusion of applica-
tions for thesetechnologies does not appear
possible.

ATACProgress Report 11,

Recommendation IV: IVA Study.

"Complete a studypriorto CDRsimilar
to the Fisher-Pricestudy,to assessand
evaluatethe IVAresourcesavailableto

meetSSF onboardassembly,opera-
tions,andmaintenancerequirements."

Progresswas made toward recognizing
the needto start analysis of IVA resource
requirements.Duringthis period, the Space
Station Program was occupiedwith the
design reviewof the previous baselinewhile
simultaneously working on the 90-day
redesignof the SpaceStation basedon
congressional budget reductions. It is
necessarythat operationalconsiderations,
including the allocationof astronaut time,
inside andoutsidethe pressurizedvolume,
bea part of the redesigneffort. It has been
shown by the Fisher-Pricestudy that waiting
for a design to becompletelydefinedbefore
analyzingthe IVAand EVAtimelines will
leaddirectly to unworkablesolutions.

A Level I productivity study was con-
ducted andreviewedby experienced
astronautswith recommendationsto of/load
overheadassociatedwith onboard opera-
tions. However,ATACis still concernedthat
the IVA resourcesfor SpaceStationare
oversubscribedin operatingand maintain-
ing the station, leavinglittle time for science

operations.The removalof advanced
automationand robotics from the program
to reduce upfront costs may result in
greateroperationscosts anda potentially
critical oversubscriptionof astronaut EVA
and IVAtime. This concern has been
expressedby variousSpaceStationand
contractorA&R focal points. A study of IVA
maintenancerequirementsis plannedto
start in the spring of t991. This study,
however,only considersthe maintenance
issues andnot the entire timeline and
utilization of the astronauttime. A complete
IVA andEVAstudy is neededas soon as
possible.The study should explicitly
addressallphasesof SSF(MTC,post-MTC,
PMC,post-PMC,EMCC)to ensure specific
configurationsand crewsizesarecorrect.

ATACProgressReport 11,

RecommendationV: Ground-Based

SSF RoboticsTeleoperation

"Develop andimplementa planprior to
CDRfortestbeddemonstrationsand

flightexperimentstovalidate the
technologyforoperationof the SSF
roboticsystemsfromthe groundto
performstationmaintenance."

OperatorControlledMachineVision
(OCMV)softwarehas beendevelopedgiving
the local operatorthe capabilityto helpa
telerobot interpret datafrom remotevision
sensors andplan appropriatecollisionfree
motion. However,very little overall progress
is evidentonthis recommendationdespite
the advocacyof the Fisher-Pricestudy and
systemsanalysisconductedonthe prob-
lem. Ground-basedrobotics teleoperation
continuesto bean important areafor future
operation andmaintenanceof the Space
Station Freedom.A planto assessthe
feasibilityof operating SpaceStation
Freedomteleroboticassets from the
ground, regardlessof the sourceof those

robotic devices, remainsa critical needin
the program especiallyin view of the 1)
severalyearsof man-tendedoperationsand
2) marginal capability of crewand in-space
teleoperatedpartners' robots to satisfy the
maintenancerequirements.

ATACProgress Report 11,

RecommendationVI:HooksandScars

"At the completionof the SpaceStation
Freedomscrubactivityandpriorto CDR,
determinethe extentto whichthe

plannedSSF baselineconfigurationat
AssemblyCompletewill supportthe
implementationof advancedA&R
applications,with emphasison the Data
ManagementSystem(DMS) architec-
tare andsensorinstrumentation."

Sincethe lastATACbriefing, three Space
Station planningexerciseshave beenunder
way which could havesignificant impact on
"hooks andscars" for advancedA&R:The
ResourceScrub, the Pre-lntegratedTruss,
andthe SpaceStation Restructuring.

The ResourceScrub resulted in most
monitoring and automated controlcapability
being movedto the ground.The Restructur-
ing effect onthe DMS, still continuing, has
resulted in the reduction in the quantity of
StandardDataProcessors(SDP)from 14 to
6. The goal is to achievefull core station
operations in two "hot" computers and one
"hot" workstation. Thefundamental DMS
architecture is unchangedandthe system is
designedfor easygrowth, if additional core
and payloadcomputers are authorized.SDP
racksand network designsshould accom-
modate capabilityfor future expansion.

The DMSsoftware is currentlyundergo-
ing a scrub. The goal is to reduceall DMS
systems softwareto 1M byte.This has
simplified the command andcontrol
structure. TheOperationManagement



System(OMS)functionally has been
descopedandabsorbedby the Integrated
SystemExecutive(ISE) whichhandlesthe
minimumrequiredtoplevelfunctions. Other
functions areallocatedto systemsoftware
orto theground.TheISEwill accommodate
station-wideFaultDetection,Isolation,and
Recovery(FDIR) for Category 1andtime-
criticalfunctions. AllotherFDIRis trans-
ferred to the ground.Thenumberof
sensorsandeffectors,andtheonboard
sensorprocessing werereducedwhichmay
compromisethe capabilityto implement
advancedA&R capabilityinthefuture. ATAC
receivedonlylimitedinformationonthe
effectof restructuringonthe SpaceStation
ControlCenter (SSCC)andthecapabilityof
SSCCto accommodatethe increased
ground-basedA&R overthe lifetimeof the
program.

The Pre-lntegratedTruss(PIT) exercise
hadlittleeffectonsystemautomation but
providedincreasedemphasisanddesign
accommodationfor roboticapplication.The
PIT requiredthe redesignand locationof
ORUs;andstandardinterfacesandrobotic
accesswerea majorinfluenceduringthe
PITexerciseincludingaccommodationof
roboticdevicemobility.Thisincreased
accommodationfor roboticapplication
continuedduringthe restructuring;how-
ever,theFTSwasdeletedfromSSFduring
thisexercise.Therefore,the increased
roboticoperationwill bethe responsibilityof
the internationalpartners.

A comprehensiveanswerto Recommen-
dationVI is notavailablesincethe Restruc-
turingactivityis continuing.A complete
reviewof "HooksandScars" shouldbe
accomplishedas soonasthe newconfigu-
ration is defined.

ATAC Progress Report 11,

Recommendation VII: Advanced

A&R Technology Implementation

Funding

"Ensure fundingstabilityforSSF
advancedA&R technologydevelopment
andemphasizefunding levelcommen-
suratewiththat requiredto transferand
implementthesetechnologiesinto the

SSFoperationalenvironments."

Asreportedinthe lastreportofthe
ATAC,theSSFAdvancedDevelopment
Programhasbeenthe primarymechanism
for the introductionof A&Rtechnologiesfor
the SpaceStationFreedomProgram;
however,the budgethistoryof thisprogram
hasnotbeenstable.TheAdvancedDevelop-
mentProgrambudgetprojections,pre-
sentedinthe previousATACreport,werefor
a $12M programfor 1991 growingto $16M
for 1992. The1991 programhas been
reducedto $7.7M ofwhichonly$1.8M has
beendistributed.Theremaining$5.9M has
beenrequestedbutbudgetauthority hadnot
beenapprovedat thetimeof theATAC
briefing.

A&RStatusReviewofLevelsI

andII;WP1, WP2,WP3, and

WP4;andCSSP
Assessmentof Level I

TheAdvancedDevelopmentProgramhas
beena primarymechanismforthe ad-
vanceddevelopmentof A&Rtechnology for
inclusioninSSF.Budgetfluctuation and
fundinglimitationshavesignificantly
reducedthetechnologytransfer

effectivenessof thisprogramandhave
continuedduringthisreviewperiod.The
SpaceStationrestructuredprogramphases,
FirstElementLaunch(FEL),Man-Tended
Capability(MTC),andPermanentlyManned
Configuration(PMC)nolongerincludes
AssemblyComplete(AC)followingPMC.
TheperiodbetweenPMCandACwasthe
periodwhentheA&R technologiesfrom the
AdvancedDevelopmentProgramwereto be
implemented.Thelongerperiodoftime
betweenMTCandPMCcouldbenefit
significantlyfrom A&Rfor science,remote
monitoring,control,andreconfigurationof
systemsduringunmannedperiods.

Toaddressthe budgetreductionsand
the increasedneedfor A&R dueto Restruc-
turing,the Level1 AdvancedDevelopment
Programcontenthasbeenrevisedto be
moreresponsiveto criticalbaselineSpace
Stationrequirements.Theprogram office
hasimplementedataskselectionprocess
whichemphasizesnearerterm develop-
ments.Budgetreductionsandtasksched-
ulesnotconsistentwithRestructuringhave
resultedintheterminationof 14tasks.

TheAdvancedDevelopmentProgram
hasestablisheda consistentprocessto
evaluatetasksfor inclusionandhas
emphasizedtask demonstrationscompat-
iblewithSpaceStationProgram milestones.
The currentlyproposedAdvancedDevelop-
mentProgramconsistsof 19tasksina
four-elementWork BreakdownStructure
(WBS).ATACcommendsthe Advanced
DevelopmentProgrameffortsto infuseA&R
intothe BaselineSpaceStationFreedom.
However,withthe nearertermfocus
requiringearlierdevelopmentanddemon-
stration,the budgetlevelsareconsidered
inadequate.ATACfeelsthatfor a successful
A&R program,notonlyshouldthe budget
be increasedforthe developmentbutthe



recipientofthetechnologyatawork
packagecenteranditscontractorbe
involvedinthedemonstrations.Thiswould
ensureeffectivetechnologytransferand
allowrapid implementationfor those
technologieswhichdemonstratepositive
results.

Assessmentof Level II

ATACreceivedgenerallya verygoodset of
in-depth presentationsof Level II activities.
LevelII also arrangedan excellentpresenta-
tion by the CanadianSpaceAgency.

There still appearsto be a lackof
adequateLevelII staff to plan, coordinate,
implement,and managean effectiveA&R
program which benefits SpaceStation
Freedomover its entirelife. For instance,
there is no one assigned,evenpart-time, to
advancedautomation applicationsand
design accommodations.Also, there has
beenno apparenteffortto havethe Level II
GroupDirectorsfor Operationsand
Utilization,andSystemsEngineeringand
Integrationprovidesemiannualreportsof
progressinthe areasof advancedA&R.

The IntegratedSystemsPreliminary
DesignReview(ISPDR) didnotaddressany
hardwarescars,softwarehooks,or other
provisions neededto supportadvanced
automationevolution,nordid itaddress
roboticsystemsevolution.Therestructured
SSFdesigndidnotaddthese,of course.

Advancedautomationis detrimentally
impactedby nothavinga sufficientlyclear
usermissionstatementof objectivesfor the
restructured SSF.To a lesserextentthe
sameistruefor robotics.Threeexamples
willbe discussed.

Forthefirst example,additionalattention
shouldbefocused onthe reductionin
functional redundancyasa resultof
restructuringto reducepower,weight,
sophistication,andcost.Thequestion has

to beasked:"To whatextent doesadvanced
automationon the stationor on the ground
needto fill in to maintainthe samedegreeof
program technologicaland safetyrisks, or
how far is the programwilling to increase
theserisks by excludingadvancedautoma-
tion?"

Asa secondexample,the onboard Data
ManagementSystem is beingsimplified and
muchof its originalautomation is being
deleted.Thismeansthat manyof the
formerly onboardcore system management
functions are beingmovedto the ground,
which conflicts with the down-scaling of the
communicationsand tracking system
(C&T).The C&Tsystem now takes on more
criticality in the overallcommand and
control of the SSF,yet it is also beingmade
lessredundant.The Zone-of-Exclusionof
eachorbit cuts SSFcommunicationswith
the ground for about 10 minutes each orbit,
effectivelyleavingSSFon its own.This in
turn, tendsto raisethe criticalityof the
ground commandand control functions
with respectto the use of advanced
automation.The DMS has beencut back
rather drastically;and ATACurges that
additionalfiber optic cables,larger card
cages,andless power-greedyCPUs(which
exist) should beconsideredfor growback
before MTCas neededscars for the future.

As athird example,advancedautomation
might beableto makeMTCscience more
productive during untendedperiods.
Softwarecontrolledswitches wereremoved
in lastfall'sscrubactivity.Thus, ifthereisa
powertransientthatcausesa circuitbreaker
to open,it cannotbe reset untilthecrew
arrives.Additionally,thisimpactsinvestiga-
tionasto causeandwhetherthe correct
sparesareavailableonthe station.

No overallIVAcrewtimeanalysishasyet
beenconducted.It iscriticalthatSSFP
conductsuchan analysisto identifythe
problemsof crewoversubscriptionfor
whichadvancedautomationand/orground

control of robots is needed.It should
includeanalysisof the diagnostic errorrate
of omissions andcommissions dueto Built-
In-Testand BuUt-ln-TestEquipment(BIT/
BITE)relianceand crew needto aid
diagnosisconductedon the ground. In
SkylabandShuttle, such contingencieshave
had major timeline impacts of hours to
days.

Turning to robotics, the efforts to achieve
ORUinterfacestandardsseemto be

progressingwell. The dexteroustask
identification study could apparentlybenefit
from efficient task analysistools asthe
previously proposed task analysis process
is quite time consuming. A preliminary
definition of the role of dexterous robots on
SSFhas beendefined by LevelII, but the
needexists to identify specificdexterous
robotic tasks in program documentation
and to baselinethe RSIS.Work in this
regard is ongoing and results areexpected
by this summer. Externalmaintenance
studies continue and evenwith the reduc-
tions dueto restructuring, there is expected
to bea useful role in maintenancefor
robotic systems.

The restructured design to a pre-
integratedtruss that does not require
onorbit assembly is a sound step. However,
maintenanceand repairof truss members
must still beprovided for.

The collision prediction andavoidance
efforts appearto bemaking progress
through the use of robotic simulations.
The summary ATACassessmentis that
neitheradvancedautomation nor U.S.
robotics is a major part of the restructured
program. SSFPhas essentiallyno U.S.
advancedautomation evenon the ground,
nor adequatedesign accommodationsfor
future migration from the ground for those
applicationswhere this makessense.Thus,
future evolutionto reduceoperations costs
is most unlikely dueto the lackof adequate
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designaccommodationsandprogram
infrastructure.With thetransferof FTSout
of the program, noU.S.-furnishedrobotic
systemsremainonSSFincontrastto very
activeCanadianand Japaneseonboard
spaceroboticsprograms.

The UnitodStatesis in jeopardyof
losingits capabilityto competewith
foroigncompntitioninspace automation
androbotics.

Assessment of Work Package 1

During thisand previousreportingperiods,
Work Package1 (WP1) continuedstudying
thosespecificimplementationsof automa-
tionandroboticswhichpromisedto result
inthe greatestbenefitsto SpaceStation
capabilityandoperationalefficiency.The
conclusionsof thesedesignstudieshave
tendedto providestrongsupportto the
argumentsfor incorporatingrobotic
operationsandmaintenance,andfor using
automatedexpertsystemmonitoringof
criticalsubsystems.However,the various
budgetaryscrubsandsystemreconfig-
urationshavenowessentiallyeliminatedthe
possibilityof usingthosetechnologiesin
the WP1 baselineprogram.

PresentSSFplanscallfora Man-Teoded
Configurationcapability.This couldbe a
periodof productiveutilizationof the
MicrogravityLaboratory,if the experiments
andprocessescan be runandmaintained
efficientlyinan automatedmodebetween
astronautvisits.Usingan assumedcomple-
mentof eightmaterials processingpay-
loads,theWP1 studyshowedthat ageneral
purposeLaboratoryAssistantRobotwould
improvethe facilityutilizationbymorethan
a factor of 2 overasysteminwhicheach
experimentwasindividuallyautomated.This
couldsimultaneouslyresultinsignificantly
lowerlife-cyclecost.Thatstudyhasnow
beenterminated,with noplanto implement
IVAautomation.

Similarly,studiesandarchitecture
designsanddemonstrationsfunded by the
LevelI AdvancedDevelopmentProgram
wereconductedonsystemsto perform
FDIRmonitoringandcontrolof critical
subsystemsinthe EnvironmentalControl
andLifeSupport System.All designsfor
FDIRmonitoringof thePotableWaterand
HygieneWatersystemswerecompletedand
a studywasstartingontheair revitalization
system.Anotherautomationsystemto
monitorandcontrolthe Power Management
andDistribution(PMAD)systemis being
developedwithparticipationof WP4.These
applicationsarealsofunded bythe LevelI
AdvancedDevelopmentProgram andOAET.
Theseapplicationsareinjeopardyof being
descopedandphasedout, primarily
becauseof reducedanduncertainfunding.
Reductionsinscopeto the DMShavemade
theeventualmigrationof thissoftwareto
theflightsystemchallenging,butnot
entirelyimpossible.

Insummary,theMAC nowseesno
advancedautomationandroboticsflight
hardwareor softwareintheWP1 baseline.
Thissituationconflictswiththe needfor
moreautomation to supportscience
experimentsduringthe Station's longer
man-tendedperiod. It alsoreflectsa
disregardfor minimizinglife-cyclecost,in
favor of accommodatingthe immediate
needto cutfront-end costs.

Assessment of Work Package 2

ThecurrentperspectiveonWP 2 is not
dramaticallydifferentfrom that reportedin
ATACProgressReport11. Modest
progress,acrosstheworkpackagesand
levels,instandardizingaccommodationsfor
the limitedroboticcontentremaininginthe
programhascontinued.Howeverit isnow

clearthatthe scruband related SSF
reconfigurationactivitieshaveindeed
abolishedanyshort(or medium)term
expectationof advancedautomationand
roboticsevolutionontoSpaceStation
Freedom.Therecentrestructuringhas
resultedindeletionof muchofthe A&R

contentoftheWP2 program.Fourteen(out
of fourteen) LevelIII funded advanced
automationsupportingdevelopmenttasks
werecancelledor disconnectedfrom SSFP.
Thetotalfundingassociatedwiththese14
taskswasabout$1 M. It is nowconceded
thatSSFis unlikelyto haveadvanced
automationfor the man-tendedcapability
phaseorevenfor thepermanentlymanned
capability phase.Theprogram infrastructure
supportwillnotexist.

Theconstraintsonweight,power,and
computationwillseverelylimitthe possibili-
ties ofa retrofit.Thespacecraftdesignlacks
manysensorsforanomalyresolutionand
faultdiagnosis.It alsolacksaccommoda-
tionsforevolution(hooksandscars).It is,
of course,stillpossible to implement
advancedautomationintheSSFground
infrastructure.It isclearthatthisalone
couldhavea majorimpactonSSFPlife-
cyclecost.MAC urgesthatthisareareceive
a highpriorityinfutureSSFPbudgetsand
plans.

Thepre-integratedtrussexercisemay
haveprovidedimprovedopportunitiesfor
roboticaccommodation.Robotic(andEVA)
accessto ORUswouldappearto be
substantiallyimprovedas wasthe provision
for roboticdevicemobility.WP2 progressis
apparentinthedevelopmentof ORU
standards,A&R developmenttools,and
end-to-endsoftwareintegration.Muchof
thisprogressreflectsprogram wideactivity
(asATAChadrecommended).TheSSFP
progress in implementingMAC recommen-
dationsis describedelsewhere.
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Assessment of Work Package 3

The deletion of the externalexperiments
attachment capability during the 1989time
frame and removalof the FTSfrom the

SSFPin 1991 has effectivelyeliminated
WP3 from the ATACreviewprocess.
However,the following remarksareoffered.

ATACseparatelyreviewedand assessed
the FTSprogram statusat the contractor's
planton February6, 1991, in addition to
conducting a reviewat GSFCat the general
ATACmeeting.Though a little late, the
contractor is to be commendedfor initiating
and implementing a major management
reorganizationof the FTSprojectwhich has
increasedthe cost effectivenessof the
program activities.The program funding
was also reviewedand the results indicated
that the contractor hadnot exceededthe
allocatedbudget by more than 25%; the
overrun was partially dueto a changein the
program requirementsand alack of
program specifications.The impact of the
decisionto transfer the FTSprogram out of
the SSFPinto OAETcould not beassessed
at the time of this ATACreview.

The reasonsfor having a long-term
national commitment to Automation and
Robotics remain relevant(i.e. long-term
productivity andfinancial leverage).These
benefits requirea long-term national
commitment to A&R technology.The U.S.
applicationsof telerobotics to the Space
Station Freedomare now on the verge of
disintegration andcollapse.The require-
ments for U.S.assembly, servicing,or
repairof U.S.assets'in spaceareplannedto
be satisfiedby foreign technologyfrom the
Japanese,Canadians,and Europeans.

TheJapaneseand Europeanshave
establisheddevelopment programsfor
intelligent robots for terrestrial andspace
applications,and Canadahas establisheda

significant program as part of SSF.With the
reductionof funding andemphasisin the
nuclearpower field, the FTSprogram was
the only major telerobotic activity in the
UnitedStates.The removalof the FTSfrom
the SpaceStationFreedomProgramcould
significantly delayand/or eliminatethis
technology in the UnitedStates.

ATACis ofthe opinionthat(1) a long-
term U.S. commitmentto teleroboticsis

still requiredinthe nationalinterest;(2)
a developmentprojectwitha deliver-
able flightsystem,like FTS, andrelated
to technologyprogramsis a viable way
to pursuethis interest;(3) withcost]
benefittradeoffsin mind, thecurrently

plannedDTF-1experimentshould
proceedunchanged;and(4) asa follow
onto DTF-1,OAETshouldbe encour-

agedto implementan intelligent
teleroboticsflightdevelopmentproject
with deliveryand applicationon SSFor
anotherNASAflightprogram.

Assessmentof Work Package 4

Thereis considerablework going on at the
Lewis ResearchCenterwith regardto the
ElectricalPowerSystemTestbed.This
testbed is primarily usedto evaluatepower
distribution andcontrol schemes.It also

providesa basis for evaluatingautomation
techniquesfor later use on SSF.However,
there did not seemto bea direct link backto
SSFfor eventualadaptationof these
techniques.

With regardto the ElectricalPower
SystemAutomationon SSF,afour-tiered
energymanagementsystem had been
definedprior to restructuring whichinvolves
automationof power system operational
control, system protection, andsystems
status monitoring. This representsa

considerableamount of advancedsystems
automation and will provide SSFwith a
highly efficient energy managementsystem
when implemented.Becausethis system
interactswith the OMS,the effectsof the
recentSSFrestructuring (with respectto
reductionof DMSassetsandthe SSFability
to maintain the integrity of the Electrical
PowerSystem) should bestudied. Also, the
effect of transferring the automated
functions to the ground should be examined
with regardto resourcesavailableto provide
this capability.

SeveralRocketdyneInhouse Research
and Development(IR&D) expertsystem
projects were describedwhich will be
integratedinto the advanceddevelopment
testbed.

WP4 is designing the ElectricalPower
SystemORUsfor telerobotic replacement
compatibility. To accomplish this, they
solicited the Mission UtilizationTeam(MU'I')
at GSFCto perform graphic simulations to
determinethe feasibility of servicing the
integratedelectricalassembly (lEA). In
addition,a comprehensivetest program was
implementedin the Robotics Labat GSFCto
examinethe mechanicaland human factors
issuesassociatedwith IEA-ORUexchange.
Such parametersas attachment mecha-
nisms,alignment guides,visual cues,end
effectorsand tools, operator skill levels,and
timelines wereexamined.The results of
theseactivities should befolded into the

ORUflight designs, operationaltimelines,
tools and endeffectors, and robot perfor-
mancerequirements. In addition,the data
accruedfrom thesetests should be included
in the robotic systems integration stan-
dards,modified for operationwith the
currently baselinedCanadianSPDM, which
replacesthe Frs.



Assessment of Canadian Space

Station Program A&R

ATACforthefirst time receiveda reviewof
theA&R statusofthe CanadianSpace
Station Program.TheCanadianSpace
StationProgramhasestablishedan A&R
programwhichincludesthe developmentof
advancedA&Rtechnology,applicationof
advancedA&R inspace,andthe transferof
the technologyto the privatesector.Results
ofthis reviewarepresentedinAppendixC,
"CanadianSpaceStation Program A&R."

The ATACperceptionis that Canadahas
establisheda significantA&R program
with a highprobabilityof accomplishing
all of itsobjectives.

NewA&R Issues

Ground-Based SSF Science,

Operations, and Maintenance

space station ControlCantorandPayload
CenterAutomation.It appearsthatvirtually
allcontrolfunctionsforthe SpaceStation
systemsinthe restructuredprogramwill
resideinthe SSCC.Bycarefullyplanningfor
and incorporatingexistingautomation
technologies,considerablelong-termcost
benefitsmay beobtainable.Considedogthis
intheformativestagesof the SSCCwould
resultin lowercostthanif thesetechnolo-
gieswereaddedata latertime. Inaddition,
the increasedcapabilitiesandreducedcosts
wouldbeobtainablewithimplementationof
advancedA&R intheSpaceStationPayload
Center.

ATACrecommendsthat SSFPdevelop
andImplementa plan priorto CDRto
includeadvancedautomationfunctions

in the Space StationControlCenter
(SSCC),the SpaceStationPayload

Center,andtheirsupportingfacilities
witheventualmigrationto onboard
applicationsto ensureIncreased
productivityandreducedoverall
operationscosts.

Ground-BasedSSFRobotics

Teleoperation.TheFisher-Pdcestudy
results in the needfor heavyuse of IVA in
the support of robotic EVAoperations.
Indicationsarethat such IVA resourceswill
be in short supply, consideringthe scrub
impact to onboard housekeepingautoma-
tion. Currentlytechnologiesare not
validatedto ensurethat such robotic
systemscan be safelyoperatedfrom the
ground. If IVA resourceconstraints are
uncoveredlater in the SSFdevelopment
program,there willbe inadequatetime
availableto accomplish the technology
developmentandtestbed demonstrationsto
allow robotic remotegroundoperations.
Ground-basedSSFrobotics teleoperation
mayhavebecomemore important dueto
the increasedduration of the MTC un-
manned phases.

ATACrecommendsthat SSFPdevelop
andimplementa plan priorto CDRfor
tostbod demonstrationsandflight
experimentsto determinethe feasibility
foroperationof the SSFrobotic systems
fromthe groundto performstation
maintenance.

Onboard SSF Science, Operations,

and Maintenance

scienceProductivity.In thescheduleon
the restructuredSSFP,there is a longperiod
(3years) that the SpaceStationwill be man-
tended.Thescience productivityduringthe
unmannedphasescould be greatly

increasedthroughthe incorporation of
relativelysimplestructuredautomationand
robotics.An exampleof thiscouldbe inthe
form of devicesthatchangeoutsamplesin
materialprocessingexperiments.

ATACrecommendsthatSSFPpriorto
CDRevaluateonboardautomationand

robotics specificallyneededto permit
operationof desiredscienceexperi-
ments duringthe unmannedperiodsof
the Man-TendedConfigurationphase,
andimplementan advancedA&Rplan
as appropriate,to enhanceMTCscience
productivityandutilization.

SSFDexterousRobots.A robotic standards
documenthas beengenerated.Thisis
excellentandshouldbeimplementedby the
workpackagecontractors.Eventhoughit
appearsthe FTShasbeeneliminatedfrom
the SpaceStationProgram, the SPDMis a
capableroboticdevicethat shouldbeused
to theextentpractical,inparticularfor
dexterousrobotictasks.

ATACrecommendsthat SSFPdevelop

and implementa plan priorto CDRfor
integrationof dexterousrobots intothe
onboardSSFoperations,maintenance,
andscienceactivities.

A&R Evolution

TechnologyTransferandImplementation.
Currently,NASAexperiencesa significant
gapbetweentechnologydevelopmentand
implementationofthetechnologyintoan
operationalenvironment.Somesuccesses
canbefound,butthesetendto bethe
exceptioninsteadofthe norm.

TheReportof theAdvisoryCommittee
(Chairedby NormAugustine)on the Future
ofthe U.S.SpaceProgramstates"there isa
widelyheldopinionthat althoughNASA



continuesto doexcellentresearch,bothin
itsCentersand in its affiliateduniversities,
the resultsoftheworkare notbeing
efficientlytransferredintoapplications."

Althoughit is recognizedthatprogram
managersmustmoveforwardona
schedulecommensuratewitha limited
budget,it appearsthat NASAprogramstend
to totallylockoutadvancedtechnology
opportunitiesthat are notbroughtforward
by anyoneotherthanaprimecontractor.
TheAgencyhasinvestedconsiderable
amountsof manpoweranddollarresources
intestbedactivitiesatallof the NASA
Centers.Thesetestbedsreceivedactive
supportduringthe PhaseA andB feasibility
anddefinitionphasesof theSSFProgram.
However,thesetestbedsseemto have
suffereda disproportionateshareof the
budgetreductionactivitiesof the pastyear.
Yet,it is thesetestbedsandtheAgency
inhouseexpertisetheyfosterthatwill be
requiredfor assessmentandrecommended
correctiveactionswhenproblemsoccurlate
inthe developmentandverificationcycleof
theprogram.

A moredisturbingperceptionis onein
whichthe inhousetechnologysideof the
AgencyisvirtuallydiscouragedbySSFP
projectmanagersfrommakingrecommen-
dationsto the program.Currently,for
inhousetechnologycontributionsto the
programto occur,thetechnologydevelop-
mentmustbecarriedforwardindependently
bythetechnologyorganizationsof the
Agencywithminimumto noencourage-
mentfromthe programmaticorganizations
of the Agency.This putsthe burdenfor
initial,andsometimesadditional,flight
qualificationontechnologydeveloperswho
do nothaveadequateinsightintoprogram
requirements.Theresultisoftentotal
inadequacyto sufficientlycarry aproposal
to a satisfactoryconclusion.

In contrast,the contractordevelopment
or IR&D organizationscancome forward
with proposalswhich mayalso bejust as
inadequateinitially, but haveaccessto all
the capability of the funded side of their
companies. If theycandemonstratea
capabilitywhich reducescost or increases
reliability,thesecontractorproposalsare
brought forward through the prime contract.
If the proposalis unsuccessful,the contrac-
tor writes off the loss as a business
expense;if successful, NASApaysan
incentivebonusfor a good ideaand then
paysto developthe concept into an
operationalentity.

ATAC'sconcern is how to achievethe
appropriatelevelof parity in the inhouse
technologyside of the Agencyso that it has
anequalopportunity to competewith the
contractor community.ATACbelievesthat
manyof the characteristicsandfeatures of
the SpaceStation area direct result of
conceptsandtechniquesdevelopedin both
technology andoperational Centertestbeds
during the earlyformative period of the
Station. However,the flow of ideasfrom
thesetestbedshas virtually ceasedduring
the past 3-4 years. Couldit be that the loss
of this inhouse support andthought process
has playeda largerrole than recognizedin
the problems which haveplaguedthe SSF
sincethe beginningof the PhaseC period?

Program managersmust openly
encourageinput from the technology
Centersby stating areasof concern.If the
solution requiressome form of flight
demonstration,the programs needto
provide someassurancesto the technology
Centersthat their conceptswill beconsid-
ered if technology funds are expendedfor
the flight demonstrations.Joint cost sharing

isa more positiveindicatorof interest.
ATACis alsoawarethat the technology
Centersand researchersmust bemore
sensitiveto program needsand schedules.

Finally,MAC suggeststhat someform
of incentive program must bedevelopedfor
the contractor community so they will be
receptiveto technology developedfrom
within the Agency.At the present time there
is no particular reasonfor contractors to
support NASAtechnology,especially if it
might reducetheir award fee.

MAC recommendsthat SSFPstrengthen
cooperationbetweenthe technologyand
programmatic(user)sidesofthe
Agency,and providethe SSFAdvanced
DevelopmentProgramwitha funding
level commensuratewith that required
to transferandimplementadvanced
A&R technologiesintoSSF operational
environments.

FlightTeleroboticServicer.Thedecisionto
removethe FTSfrom the SSFPand place it
in OAETas a researchandtechnology
program should be carefully planned.MAC
feels the FTSshould be developed(perhaps
on a relaxedschedule),andthe SSFshould
bedesignedto becompatible with it and
ableto incorporate it in a useful role at a
later date.This is important for retaining a
U.S.robotic capabilityas part of the SSFP.
Considerationshould also begiven to
utilizing the FTSor its technologiesin other
NASA Programs(for example,EOS).

MAC recommendsthat SSPencourage
DAETto implementan intelligent
teleroboticflight developmentproject
likeFTSandto conductFTSflight
experimentsonSSF and/orSTSwhich
will permit evolutionof U.S. dexterous
robotsontoSpaceStationFreedom.
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SSFLife-Cycle Costs.ATAChasbeen
concernedaboutlife-cyclecostsfor many
years.ATACalsorecognizesthe extreme
budgetpressuresonthenearterm develop-
mentphase.However,largelife-cyclecosts
canbe veryburdensometo NASA(thelarge
operationalcostsonthe SpaceShuttle

Program areanexample).ATACfeelsit is
imperativethat life-cyclecosts be consid-
ered.This can bedone in some cases
through modest investments in the design
anddevelopmentphaseto ensurethat the
introduction of automationand robotics is

not precludedat a later date.

ATACrecommendsthat the SSFPutilize

a standardizedprocedureto assesslife-
cyclecostsacrossthe SpaceStation
FreedomProgramresulting fromthe
currentrestructuringactivityandthe
reduction of onboardadvancedA&R

technologies.



ATACProgressReport12
Recommendations

Ground-BasedSSFScience,

Operations,and Maintenance

Recommendation I:

Space Station ControlCenter and

Payload Center Automation.

"Developand implement a planprior to CDR
to includeadvancedautomationfunctions in

the SpaceStation ControlCenter(SSCC),
the SpaceStation PayloadCenter,andtheir
supportingfacilities with eventualmigration
to onboardapplicationsto ensure increased
productivity and reducedoverall operations
costs."

Recommendation Ii: Ground-Based

SSF RoboticsTeleoperation.

"Developand implement a planprior to
CDRfor testbed demonstrationsandflight
experimentsto determinethe feasibility
foroperation of the SSFrobotic systems
from the ground to perform station
maintenance."

OnboardSSFScience, Opera-

tions, and Maintenance

Recommendationi!1:

Science Productivity.
"Prior to CDRevaluateonboardautomation
and robotics specificallyneededto permit
operationof desired scienceexperiments
during the unmanned periodsof the Man-
TendedConfiguration phase,and implement
anadvancedA&Rplan as appropriate,to
enhanceMTCscienceproductivity and
utilization."

Recommendation IV:

SSF Dexterous Robots.

"Developand implementa planpriorto CDR
for integrationof dexterous robots intothe
onboard SSFscience,operations, and
maintenanceactivities."

A&R Evolution

Recommendation V: Technology

Transfer and Implementation.

"Strengthen cooperationbetweenthe
technology and programmatic (user) sides
of the Agency,and provide the SSF
AdvancedDevelopmentProgram with a
funding level commensuratewith that
requiredto transfer and implement ad-
vancedA&R technologies into SSFopera-
tional environments."

Recommendation Vh

Flight Telerobotic Servicer (FTS).

"EncourageOAETto implement an intelli-
gent telerobotic flight developmentproject
like FTSandto conduct FTSflight experi-
ments on SSFand/or STSwhich will permit
evolutionof U.S. dexterous robots onto
SpaceStation Freedom."

Recommendation VII:

Life-Cycle Costs.

"Utilize astandardizedprocedureto assess
the life-cyclecosts across the SpaceStation
FreedomProgram resultingfrom the
current restructuringactivity and the
reductionof onboard advancedA&R
technologies."

: 15
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AppendixA

SpaceStationFreedom

ProgramA&RProgress

The SpaceStationFreedomProgram
(SSFP)policy for A&R reflectsa commit-
ment to applyA&R technologiesto the
design,development,andoperation of the
baselineSpaceStation. A&R applications
will be utilizedwhen found to beappropriate
within the contextof the overall system
design,when found to havea favorable
cost-to-benefit ratio,and wherethe enabling
technology is sufficiently mature.The
program recognizesA&R technologies
experiencerapid change,exhibit varying
levelsof technology readiness,and have
uniquerequirementsfor successful
integrationwith conventionaldesign
approachesand system engineering
methodologies.Consequently,an important
component of SSFPA&R policy is the
provision for design accommodationsand
maturetechnologieswhich permit the
programto fully capitalizeon A&R advances
occurring during the developmentand
evolutionof SpaceStation Freedom.Lastly,
for all program phases,the program intends
to leveragethe significant momentum in
A&R researchandtechnology development
within other government,industrial, and
academicinitiatives.

Progresshas beenmadeby the SSFPin
eachof the aboveareasand will be de-
scribedin the following sections.

A&R ProgressWithin the Level I

AdvancedDevelopment Program

TheAdvancedDevelopmentPrograms
activity at Level I is divided into two major
components, EvolutionStudiesand
AdvancedDevelopment.A detailedoverview
of AdvancedProgramswas provided in

ATACProgressReport7, Appendix8,
"Overall Planfor ApplyingA&R to the Space
Stationand for AdvancingA&R Technol-
ogy." Additional information can befound in
ATACProgress Report8, AppendixA, "OSS
A&R Progress," and ATACProgress
Reports9, 10, and 11, AppendixA. The
AdvancedProgramsactivity is managedby
the Level I SpaceStation Engineering
organizationand involvesall the NASA
centersand SSFPwork packages.

TheAdvancedDevelopmentProgram
enhancesbaselineStationcapabilitiesand,
in the future, will enableStation evolutionin
support of advancedmissions (e.g., the
SpaceExplorationInitiative missions).
Specifically,the program tasks aretargeted
to improve the productivity and reliabilityof
flight and ground systems, reduce opera-
tions andsustaining engineeringcosts, and
overcomeobsolescenceby providing a
flexible, upgradablesystem. Products of the
AdvancedDevelopmentProgram which
underpinthese objectives include engineer-
ing fidelity demonstrations and evaluations
on SpaceStation developmenttestbeds,
design accommodationswhich permit
insertion of new applications and/or
maturing technology into Stationflight and
ground systems, andthe associatedtools
requiredto develop andsupport advanced
technology applications,especiallyin the
A&R area.

Currently,the majority of the Advanced
DevelopmentProgram's FY91budgetof
$6.9M is dedicatedto A&R applications and
technology development.Nineteentasksare
divided betweenFlightand GroundSystem
Automation ($2.6M), SpaceStation
Information Systems($2.4M), Advanced
Software Engineering($1.3M), and
TeleroboticSystems Technology($530K).
Thirteenof the tasks are leveragedby joint
funding from the Office of Aeronautics,
ExplorationandTechnology (OAET),the
SpaceTransportationSystem Program,the



U.S.Air Force(USAF),andthe Defense
AdvancedResearchProjectsAgency
(DARPA).Thejointfunding adds$7.4M to
the tasksandenablestheAdvanced

DevelopmentProgram to haveconsiderably
greaterimpactwithinthe Stationprogram
thanitsfunding levelwouldindicate.Also
worthyof noteis thesignificantparticipation
of workpackagecontractorswithinthe
AdvancedDevelopmentProgram.Several
havefocused theirowninternalIndependent
Research& Developmentfunding to
addresscomplimentaryobjectiveswiththe
AdvancedDevelopmentProgram.Thisjoint
funding andcoordinationsignificantly
augmentsthe amountof resourcesdevoted
to buildingSSFA&R applicationsand
facilitating the technologytransitionto the
baselinestation.

DuringFY91,the continuingresolution
processalloweddistributionof$1.8M in
OctoberandNovemberof 1990. Continued
fundinghasbeendelayedpursuantto
decisionsbasedonthe currentSSF

restructuringactivity.It is expectedthat the
remainingFY91funding authoritywillbe
finalized inFebruary1991, and thatfunding
will be distributedinoneortwo increments.
The resultofthisprogramexercisehas
beennumerousscheduleslipsandconse-
quent uncertaintyincontinuingtasksinthe
LevelI AdvancedDevelopmentProgram.At
thistime,giventhetransitionof the FTS
from OSFto OAET,it isuncertainhow
TeleroboticsTechnologywill beaddressed
inthe restructuredSSFProgram.Asa
result,it is expectedthatthe Level I
AdvancedDevelopmentProgramwill
continueto fund the currentTelerobotics
Technologytasks,whiledevelopingan FTS
transitionplanandan assessmentof the
roleof roboticsinthe restructuredstation.

In theFlightandGroundSystemsarea,
advancedautomationapplicationsare being
developedfor Power Managementand
Distribution(PMAD)andEnvironmental
ControlandLife-SupportSystem (ECLSS)
at WorkPackage1,the ThermalControl
System (TCS)andapplicationsfor the
MissionControlCenter(MCC)andSpace
Station ControlCenter (SSCC)atWork
Package2, PowerManagementandControl
(PMAC)atWorkPackage4, andaSpacelab
scientificexperiment.Theapplicationsfocus
heavilyon FaultDetection,Isolation,and
Reconfiguration(FDIR)andprovidea range
of supportinsystemstatusmonitoring,
sating,andreconfiguration.Allarea mix of
conventionalandKnowledge-BasedSystem
(KBS)techniquesandeachprovidesa
powerfuluserinterfaceto supportinterac-
tionsinanadvisorymode.Theprimary
benefitsof theseapplicationsareimproved
systemmonitoring,enhancedfault detec-
tionandisolationcapabilities,andincreased
productivityfor SSFmissioncontrol
personnelandcrewmembers.Increased
systemreliabilityviathe detectionand
preventionof incipientfailures,reducedIVA
maintenancetime,andbettermonitoring
withfewersensorsare alsoaddedbenefits
of advancedFDIRtechniques.

Thesetasksprovidean understandingof
the designaccommodationsrequiredto
supportadvancedautomation(e.g.,
instrumentation,interfaces,control
redundancy,etc.)andidentifyKBSimple-
mentationissues(e.g., in.tegrationof KBS
andconventionalalgorithmictechniques;
processing;datastorage,communication
requirements,andsoftwaredevelopment,
testing,andmaintenanceprocedures)
requiredfor KBSdevelopmentandsupport.
Asmoreandmorefunctions are scrubbed
to agroundimplementation,the valueand
importanceof thesetasksincrease,for they
providethe necessaryR&Dfoundation to
developground-basedcapabilitiesandto

later migratethosefunctions backto space.
Themost significantaccomplishments
during this reporting periodfollow.

PMADFDIRapplicationand user
interfacesoftware on the MarshallSpace
FlightCenter(MSFC)PMADtestbed has
beenlinked with the Lewis ResearchCenter
(LeRC)PowerManagementand Control
(PMAC)testbed.The first successful test of
this linkagedemonstratedthe ability for
MSFCto scheduleload, LeRCto issuea
power reductionwarning, and MSFCto
automatically shedall low priority loads. It is
plannedto continuelinked testbed demon-
strations to further integratepower genera-
tion andpower distribution automation.
Additional Human-Systeminterface
improvements havebeenreviewedand
documentedon the PMADtestbed.

ECLSSwork on a potablewater quality
monitor prototype continuesby using input
from a high-fidelity simulation. Prototypes
of the HygieneWaterSystemand Vapor
CompressionDistillation subsystemshave
beenfacilitatedby using other KBSdevelop-
ment tools. This prototype activity will
continuein FY91andwill bedemonstrated
on the ECLSStestbedat MSFC.

The RTDShasbeenselectedasthe

developmentmigration path for the MCC
Upgradeand potentiallyfor SSCC.Recently
the Flight Director Wind Monitor system
was operatedby Flight Directorsduring
STS-41,STS-38,andSTS-35. In addition,
new DataAcquisition Status and Control
ExpertSystemswill soon be on-line in the
ShuttleMCC.Thetechnologies deployedin
the MCCinclude bit-mappedcolor graphics,
real-timetelemetry-drivenvisualizations
(schematics,three-dimensionalgraphics,
flight instrument emulation), rule-basedand
model based expertsystemsfor monitoring,
FDIR,andtask automation,and software
developmenttools which permit the end
user (i.e., the Mission Controller) to
personallydevelopthe applicationsoftware
requiredfor his or her position. RTDS



applicationshavebeendevelopedforthe
followingconsolepositions:Communica-
tions, Main EngineMonitoring, Guidance,
Navigation& Control, MechanicalSystems
(Tire Pressure,PayloadBayDoors), the
RemoteManipulatorSystem, andthe
EmergencyMission ControlCenter.All
these applicationshavemade a positive
impact on MCCoperationsby providing
monitoring andfault detectioncapabilities
well beyond thoseavailablein the main-
frame computer. Additionally,the RTDS
hardwareandsoftware architecturepermits
lessexpensiveandfaster insertion of new
applicationsand technology into the MCC.
The successof RTDSwill significantly
influencethe design andarchitectureof
both the MCC Upgradeand the SSCC.RTDS
is a joint developmentof OAET,STS,and
SSFadvanceddevelopment.

A prototype KBSexperimentprotocol
managerhas beendevelopedat Ames
ResearchCenter(ARC)andthe Massachu-
setts Institute of Technology(MIT) for a
Spacelab-basedvestibular physiology
experiment (manifestedon SLS-1 andSLS-
2). This prototype demonstratedthat KBS
techniquescan significantly improvean
astronaut's ability to perform in-flight
scienceand providesprotocol flexibility,
detectionof interesting phenomena,
improved user interfacefor experiment
control, real-timedata acquisition, monitor-
ing, and onboardtrouble shooting of
experimentequipment.The system, known
asthe Astronaut ScientificAssociate,was
groundtested inthe SpacelabBaselineData
CollectionFacility in preparationfor, andwill
be usedin support of, the SLS-1mission on
STS-40.The prototype system will beflown
andused in-flight on SLS-2 on STS-63.
Crewmembersand the experiment's
Principal Investigatorareactively involvedin
the developmentandevaluation.Resultsof

this task will be usedto influencedesign
requirementsfor SpaceStationFreedom
laboratoryexperimentinterfacesto ensure
that analogouscapabilitiesareprovided
during MTCandat PMC.

In the SpaceStation Information
Systemsarea,advanceddata management
applicationsand the computer and network
architectures requiredto enablethem are
beingaddressed.Applicationsand technolo-
gies for the SpaceStation Operations
ManagementSystem(OMS) andthe
onboardDataManagementSystem(DMS)
are underdevelopment.Strategic support-
ing technologyissues arebeingaddressed
for computerand network functionality and
performance.The most significant accom-
plishments during this reporting period
follow.

The DMSEvolutionArchitecturesStudy
was published.A number of important
issues wereaddressedregardingDMS
growth optionswith emphasison existing
andproposed uni- and multiprocessors;
network, protocol andconnectivityoptions;
and system managementsoftware.Tests
andevaluationsdefining requirementsand
interfacespecifications(hardwareand
software) for high performancefault tolerant
multiprocessorscapableof numeric and
symbolic computationare currently being
performed.An evaluationof baselineDMS
performanceandrecommendedgrowth and
evolutionoptions will be reported annually.
Continuingbenchmarkevaluationsarebeing
communicatedto cognizantSSFPand
contractormanagementandstaff.

An evaluationof DMSsystem interface
optionsand computer hardwareand
software interfaces is currently being
supportedby a set of STS Development
`restObjective(DTO)tasks. Recently,an
STS DTOon STS-41using a Macintosh
portableevaluatedcursor control hardware,
use of on-line manuals,word processing,
managementof diskettes,and a number of

other user interfaceoriented issues.A future
STSDro is scheduledfor S,rS-43 to
perform further evaluations,with eventual
tests on a system more closely resembling
an SSFDMSenvironment.

In AdvancedSoftware Engineering,
environmentsand architecturesare being
pursued which support the design, develop-
ment, and maintenanceof SSFPadvanced
automation applications.Tasks include
developingand evaluatingAdacross-
compilers for existing KBStools, and
benchmarkingtheir performanceusing
operationaladvancedautomation proto-
types;creating toolkits which support the
reuse of design information; and developing
and demonstratingverification, validation,
testing, andmaintenancetools and tech-
niquesfor flight andground software. The
most significant accomplishmentsduring
this reporting period follow.

A final report was published evaluating
two prototype Ada-based KBSprogramming
tools. Oneprototype is dedved from a
commercial product while the other is
developedinternally by NASA.Eachwas
evaluatedusing existing KBSapplications.
Results indicatedthat KBSapplicationscan
bedevelopedin Adaand still retain their
efficiencyand effectiveness.Detaileddesign
requirementsfor transitioning tools to
support KBSapplication developmentwithin
the Software Support Environment(SSE)
were collected.Theseprogramming tools
allow developmentof advancedautomation
applicationsin the languagebaselinedfor
flight system software.

SSFis expectedto require significantly
largeamounts of application andsupport
softwareto operate.As a result, there will be
largedemandsfor training operationsstaff
andcrew. Current training approaches
involvecumbersomeoverheadfor schedul-
ing computer simulations and staff.



IntelligentComputerAidedTraining(ICAT)
technologyimprovestrainingby reducing
theoverheadinvolvedinsettinguptraining
environmentsandschedulingclassesand
simulations.Inaddition,ICATtechnology
canbe usedas an"anytime youneedit"
capabilityfor on-linetraining.Recently,
ICATtechnologyhasbeentransferredto the
MODorbitdesignsection,McDonnell
DouglasSpaceSystems Company(MDSSC)
WP2, andJSC IRM computeroperations.
Currently,MDSSCisdevelopingan ICAT
applicationto supportthe SSFThermal
ControlSystem atWP2.

TelemboticSystemsTechnologyfocuses
onthe reductionof IVAteleoperationtime
for dexterousroboticstasksandthe
eventualprovision of a ground-based
operationmodefor Station roboticsystems.
Advancedteleroboticsreducesan operator's
workloadbyallowingrobotcontrolof fine
parameters(suchasforceexertedagainsta
surface)whiletheoperatordirectsthe task.
With improvedsensing,planningand
reasoning,and displays andcontrols,
simple tasks like unobstructedinspections
and translations maybe accomplishedby
ground-based _perators in the presenceof
significant communications time delay.
Such ground-remoteoperationsfree the on-
orbit crew from routine, repetitive,and
boring maintenancetasks whenever
possible.The most significant accomplish-
ments duringthis reportingperiodfollow.

Sharedcontrolsoftwarealgorithms that
permit simultaneoushuman and computer-
generatedcontrol havebeendevelopedand
demonstratedunder the NASREMinterface
standardson the JPL TeleroboticsTestbed.
UserMacro Interfacetechnology has been
transferred from JPL to GSFC.This
technology facilitates the incorporation of
sharedcontroland force reflection technol-
ogy into the GSFCtestbed,and eventual
transition to Martin Marietta.

OperatorControlledMachineVision
(OCMV)softwarehasbeendevelopedgiving
thelocaloperatorthe capabilityto helpa
telerobotinterpretdatafromremotevision
sensorsandplanappropriatecollisionfree
motion.With OCMV,operatorscanuse
severalscreencursorsto overlaygraphic
edgesandverticesonavideoobjectand
thenmatchthatobjectto a CADmodel.By
installingsharedcontrolsoftwareatthe
remotesiteand controllingthe Martin
MariettamanipulatorsthroughtheOCMV
interfaceat JPL,thetaskwillagainoperate
manipulatorsina NASREM-baseddevelop-
mentenvironmentwhileperforming FTS
DTF-liketasksinthe presenceof reaitime
delayovergreatdistances.Thisactivity
surpassesthe 1989 successfuloperationof
the KennedySpaceCenterprototype robotic
inspectionsystemundertimedelaywhich
simulatedground-to-spacerobotoperation.
RecentOCMVtestsat JPLhavedemon-
stratedthehands-onreplanningofa
detailedmaintenancetaskin6 minutes,
indicating thatthistechnologyhaspotential
for allowingveryproductive ground-remote-
teleoperationof SSFrobots.

Accomplishmentswiththe Collision
AvoidanceSensingSkin taskatGoddard
includesuccessfullytestinga singleelement
sensorbuiltfrom materialsalreadyspace
qualified andflown;reducingasingle
sensorelementto 6.4 mm widthand0.8
mm standoff.Thesensor(seeFigureA1)
hasalsobeendemonstratedto avoid

objectsapproachingwithin0.3 metersof a
Puma robot.This"capaciflector"technology
hassuccessfullypassedtestsfor EMIand
thermalconstraints.BothProgramofficials
andthe FTSprime contractorhaveformally
reviewedthecapaciflectorsensorskinand
recommendedit beusedasa primary
collisionavoidancesystemfor the FTSand
allSSFtelerobots.A studyhasbeeninitiated
for potentialapplicationsto allSSFexternal
ORUsandpayloads.

Level II A&R Progress

Presentationswereprovidedto the ATACby
Level II managementandworkinglevel
personnelconcerningLevel 11progressin
AutomationandRobotics.Divisionmanag-
ersfromtheLevel II SystemEngineering
OfficeandAvionicsSystems Officeprovided
briefingsonLevelII A&R organization,
IntegratedSystems PreliminaryDesign
Review(ISPDR)baseline,and recommen-
dationsfrom the recentprogram restructur-
ingactivity.

LevelII hasaddedan additionalfull-time
civilservantto the Roboticsarea.The

CanadianMobileServicingSystem(MSS)
program continuesto behandledbythe
otherfull timecivilservantintheSystem
EngineeringOffice.TheSpaceStation
Engineeringand IntegrationContractor
(SSEIC)andan SSEICsubcontractor, Ocean
Systems Engineering,provide additional
roboticsystems support by adding another
six individuals.

Restructuring has resulted in the
recommendationto transfer the Flight
TeleroboticServicerto OAETand usethe

CanadianSpecialPurposeDexterous
Manipulator(SPDM)and Extravehicular
Activity (EVA)for dexterousexternal
maintenancetasks in the initial phasesof
the program.The CanadianMSS would also
be simplified to eliminateMobile Trans-
porter rotationandplanechangecapabilities
andto providefor MSStranslation on a
simplified rail systemas opposedto
translation by steppingfrom one set of node
pins to another.

OnorbitAdvancedAutomation provisions
havebeen impactedby the 1990Turbo
Teamdecisionsandbyprogram restructur-
ing recommendations.Boththe numberof
StandardDataProcessors(SDP) and
sensorsavailableonorbithavedecreased.

Recommendedrestructuringof the Data
ManagementSystem(DMS) will result in
sixSDPs inthe coresystemwithtwoof



theseSDPsrunning"hot." Thisrecom-
mendedprogramrestructuringhas
impactedthecapabilityofthe baseline
stationto supportonorbitapplicationsof
advancedautomationandrobotics.The
reductionof SDPsanddistributedsensors
wasnecessaHto remainwithinpower
resourceaflocations.Asa result,many
functions are beingmovedto theground.

Initially,the programwill automate
functionsinthe groundsystem.Sensorsare
beinglocatedto supportautomationby
closingthe loopon the ground.Thus,add-
backofSDPs laterinthe programto
supportonorbitadvancedautomation
remainsapossibility. Migrationof auto-
matedfunctions fromthe groundto orbit
will occurconsistentwithavailableprogram
funding andonorbitrequirements.

Thedevelopmentstatusof engineering
designstandardsfor roboticsystem
interfaceswaspresented.Roboticinterface
classesbeingaddressedareshownin
FigureA2.Significant progresshasbeen
madeinthisareasinceATACreport#11.
TheCanadianProgram "H handle,"micro-
ORU,and visualtarget havebeenselected
asprogramstandardsfor all "box-type"
ORUs.Thisselectionwasmadethroughthe
RoboticSystems IntegrationStandards
(RSIS) InterfaceDesignReview(IDR)
activity.Thisactivitywillcontinueto select
standarddesigninterfacesbetweenbox
type ORUsandthe station.(Referto written
responseto ATACReport#11, Recommen-
dationI, for additionalinformation.)

Thestatusof a DexterousTaskIdentifi-
cationStudy wasalsopresented.Thistask
will identifyanddocumentinthe PDRD,a
listof dexteroustasks whichcanandshould

bedesignedfor roboticsystemcompatibil-
ity.Thesetaskswill berequiredto comply
withthe requirementsof RSIS,VolumeI,
whichestablishesrequirementsfor robotic
systemcompatibletask design.

Thestatusof roboticsystemcollision
avoidancerequirementswasalsopresented.
CollisionAvoidancerequirementswere
summarizedasdirect(cupola)andindirect
(camera)viewsfor crewcontrolof collision
free robotic systemoperations.Backup
systemsfor onorbitautomatedcollision
predictionandwarningandground-bau4
co sk fru pathpW nOwWbe
meritedconsistentwithavailableresources.

Programactivityin the areaof integrated
roboticsystemsimulationswaspresented
bySSEIC.SSEICis responsiblefor non-real
time simulationofthe MuttibodyInteractive
DynamicsofArmsandSpacecraft(MIDAS).
SSEICisdevelopingthe simulationbased
onattitudecontrolsystemmodelssupplied
from JSC/MDSSC/HoneywelI,SSRMS
simulationdatato be providedfrom CSN
SPAR,and structuraldynamicmodels
developedbySSEICengineers.

Programstatusintheareaof external
maintenancedemandsandassociatedEVA/
IrA resourceallocationissueswere

presented.TheExternalMaintenance
SolutionsTeam(EMST)activity(follow-on
to EMTT)hasrecommendedincorporating
mostrecommendationsofthe EMTr. In
addition,program andproject-levelonorbit
maintenancemanagershavebeenap-
pointed andan In-flightMaintenance(IFM)
WorkingGrouphasbeenestablishedasa
programlevelforumforbothexternaland
internalmaintenanceissues.Restructuring
efforts,partioularlyinthe intensivePre-
IntegratedTruss(PIT) teamactivity,has
considered"maintenancefriendly"design
asa priorityissue.A studyto project
internalmaintenancedemandwill be

conductedusingthe samemethodologies
employedbythe EMSTandthePIT design
teamsto projectexternalmaintenance
demand.IVAdemandwill includeboththe

crewtime requiredto performIVAmainte-
nanceand thecrewtime requiredto support
roboticsystemoperationsandEVA.
Assemblyandoperationsdemandsarenot
currentlyprojectedorestimmledusing
EMTTmethods.TheEMTTstudyencom-
passedexternalmaintenance(EVNrobotic)
demand Asw= ml
resourceswillbomimmmlby means
asa functtoflof the cr_ t_ alkcaion

process.

WorkPackageI A&RProgress
Witha plannedminimum30-yearopera-
tionallifetime,significantlylargeamountsof
SpaceStation Freedomdesignknowledge
andexperienceconcerningthedifferent
subsystemsandcomponentsare,andwill
continueto begenerated.Tradestudies,
alternativedesigns,configurationsimula-
tions,andprototypesystemswill be
commissionedandconductedto producea
flowof knowledgeand experiencethrough-
outthe wholespectrumof engineeringand
scientificdisciplines.Tocaptureandhold
availablethe manysolution/optionsets
generatedfromthiswork,DesignKnowl-
edgeCapture(DKC)hasbecomeevenmore
criticalwithintheSSFprogram.

To supportthe DKCrequirementsof
WP1,severaltoolsarecurrentlybeing
developed.Thesearethe DesignAlterna-
tives/RationaleTool(DART),Environmental
ControlandLife-SupportSystem (ECLSS)
Simulator, ModuleRackIntegration
AnalysisandOptimizationTool,Packaging
Manager(PACKMAN)andAutomated
Logistics ElementPlanningSystem
(ALEPS).Thoughfunding for theseefforts
hasbeencurtailed,progresshasbeen
made.

Twotoolscurrentlyprovidesupportto
WP1 designcaptureefforts.Theseare the
MacQuinas(BAEtradestudyrationale)and



NASADART.TheDARTinparticularcollects
designknowledgefrom allworkpackages
intoa standardformat. It is a descendantof
MacQuinas,andisintendedto collectdata
for incorporationintothe Level II TMIS
system.

ModuleRackIntegration(andoptimiza-
tion)AnalysisToolmodelsthe layoutof SSF
modules,includingresourcesandcon-
straints,inorderto givetheuseroperational
efficiency,coordination,andrequirement
complianceinformation.Thesoftware
systemhasbeendevelopedusingcommer-
cialoff-the-shelfsoftware.Datahasbeen
storedviaExcelandis currentlybeing
ported to Oracle.Theobjecttemplatesand
rackintegrationknowledge isstoredin a
commercialexpertsystemshellwiththe
pointJclickgraphicaluserinterfacesup-
ported byHypercard.

ECLSSAdvancedSimulation includessix

major subsystemswhich work together to
provide a safeworking environmentfor the
crew. The ECLSSsimulation of ORUlevel
modelsare currently complete,with work
begunon air revitalization.Color capability
has beenaddedto this tool.

Automated LogisticsElementPlanning
Systemcombinesobject oriented program-
ming, knowledge-basedsearch,and
advancedoptimizationtechniquesto allow
automated preparation of a packing plan.
This system beingdevelopedin LISP is
currentlyplannedto be convertedto Ada.

A plan has beenestablishedto provide
for hooks andscars to allow future up-
grades to SSFin automation and robotics
capabilities.Software hooks andhardware
scars accompaniedwith interfacespecifica-
tions are necessaryto accommodatethe
baselineSSFwith enhancedautomation
growth potential. Oncecandidateapplica-
tions for automation and potential robotic

manipulationare identified, thesehooks and
scars may bedefined.Thispreliminary
design willtakeplace ina prioritizedfashion
so that the most beneficialautomation
applicationsmay beaddressedfirst.

Hooksand scarsfor robotics applica-
tions allow inclusion of IVA robotics during
evolutionarygrowth, or at whatever point in
time the life-cyclecost andoperations/
logistics needswarrant their use.The move
toward a longer Man-Tendedphase,andthe
resulting reduction in crewhours available
for test andmaintenance,createsagreater
opportunity for IVArobotics to handle
scheduledandnon-scheduledcritical
maintenance.Hooksand scars basedon

standardIVA crew designswill smooth the
transition to IVA robotics while minimizing
interferenceto crewoperations.Useof
advancedmanipulators,dexterousend
effectors,and knowledge-basedcontrol
systemswill allow use of "gentler" hooks
andscars. AsBoeingpreparesits Robotics
Plan,the RSlS standardsas well as the
recommendationsof the ATACwill be
incorporated.

WP1 has supportedandcontinues to
support the RSISefforts to establish
interfacestandards. In particular,the Robot-
to-ORU standardsrecently proposed H-
Handleconfiguration was reviewedby WPI.
Boeingdesign teams havebeencontinu-
ously updatedwithRSlS statusand inputs
from other work packages,and contact/
dialog with other work packagesand
contractors hasbeenencouraged.Recent
effort has beenin the Logisticsareas,with
interfacebetweenSSRMSand logistics
carriers of prime interest.

BoeingIndependentResearchand
Developmentseeksto increasecrew
effectivenessandproductivity by using
automation and robotic systems. Restruc-
turing is resulting in a longer Man-Tended
phaseof SSF(a duration of 3 years). This
extendedMan-Tendedphasepresentsa
goldenopportunity for scientificuseofthe
microgravity environment.Advanced
automationand IVA robotics can beapplied
to increaseexperiment utilizationduring this
phase.Particularlysuitableto robotics
applicationarematerialstransfer and
packaging,experimentloadingand unload-
ing, limited remoteoperation of lab
equipment,and remotemaintenance
inspection.Afterthe PermanentlyManned
Capabilitymilestone is reached,crewtime
will continueto be in great demand.The
Man-Tendedphasecan be used as a period
to prove the capabilitiesof advanced
embeddedautomationand robotics andto
verify both the low levelof risk anden-
hancedstation operationalcapabilities
expectedfrom robotics applicationprior to
the permanentlymannedphase.

A system has beendevelopedfor
automatedfault detection, isolation, and
recoveryfor selectedcomponents of the
SSFEnvironmentalControl and Life-
Support System. A dexterousthree-fingered
roboticgripper using forcefeedbackcontrol
is being integratedwith the robotic
workspace.The presentfocus integratesthe
automatedcomponentsfor planningand
replanning,simulation, execution,and
diagnosis.This integrationtakes placein a
testbedmockup of a common module
providing an environmentfor exhibiting
housekeeping,maintenance,and payload
operations.

ResultsDrivenDesign(RDD) system is a
computer aidedengineeringsoftwaretool
adoptedby Boeingto replace RT2as a
methodto automate(generateand



simulate)via a graphicalhierarchy,in a
sequentialandfunctional manner, the
developmentof system specificationsfrom
client requirements.Thissystem provides
and maintains traceability to customerand
derived requirementsandis alreadyproving
to be an asset in reducing manpower
neededto ensure requirementsaresatisfied.
RDDwill deliver completeandtested
system requirementsto SSFdesign
engineerswhile providing a tool to enhance
configuration control. This tool is currently
beingused to developthe specificationsfor
IVA robotics concurrently with researchand
developmentefforts.

Work Package 2 A&R Progress

Thefollowing paragraphsdescribethe
organizationfor automationand robotics
being developedwithinWork Package2 at
both JSCand MDSSCunder internal
funding and the prime contract. These
activitiesare couchedin terms of the overall

effectof restructuringon the SpaceStation
in general,andautomation and robotics in
particular.

SpaceStationA&R is centeredin the
Project Integration Office of the Space
StationProjects Office.This office is
responsiblefor defining requirementsfor
A&R while the actual implementation is
done by the varioussystem and element
organizations.Engineeringmanagement
support from the institution comes from the
A&R division's chief scientist who is also

the FunctionalArea Manager(FAM)for
A&R. Support for integrationof the
Canadianrobotics elementswith Work

Package2's mobile transporter is provided
by both the project office andthe institution.
In a recent institutional reorganization,JSC
formed anA&R division with four branches:
IntelligentSystems,Flight Robotic Systems,
Robotic SystemsTechnology,andSpace
SystemsAutomated Integration and
AssemblyFacility (SSAIAF).

Sincethe lastATACmeeting,three
activitieshave impactedthe program's A&R
content: ResourceScrub, Pre-lntegrated
Truss, and Restructuring.The first two had
minimal impact, but Restructuringmay
deferthe program's AssemblyComplete
(AC)which couldhavea significanteffect.
The PITactivity resulted in better robotic
accommodation in terms of accessand
robotic devicemobility.

Pre-lntegratedtruss conceptsfor ORU
accessibilityareshown in FigureA3. JSCis
now working with the Canadiansto ensure
that WP20RUs arecompatiblewith the
SPDMand EVAastronauts.

TheWP2prime contractor's A&R group
was organizedsimilarly to the JSCorganiza-
tion. Threemain groups are managedwithin
systemsengineeringand integration:A&R
analysis,A&R development,andA&R
integration.While there is no strong
contractualobligation or requirementfor
A&R, the prime contractor has been
working to ensurethat the high mainte-
nanceexternalORUsarerobotically
compatible.A defined processfor evaluation
of robotic compatibility has also been
developed.Thefirst step is the Robotic ORU
Assemblyand Maintenance(ROAM)
methodologywhichprovidesa preliminary
assessmentof an ORU'srobotic compatibil-
ity. Computersimulations and 1-gtesting
are usedfor verification of robot friendly
design concepts.Theserobot and EVA
astronaut compatibledesign conceptshave
beendocumentedand includedin the EVN
Robotics DesignStandards(EVARDS).

Dueto the PITactivity, the mobile
transporter no longer requires planechange
and rotationcapability,so the astronaut
positioning system is no longer neededand
FTSaccommodationshave beendeleted.
Subcontractorand A&R activities have been
greatlyreduced.An A&R report was

submitted to support the ATACmeetingand
a new A&R planwill besubmitted 90 days
prior to project critical design review.The
last three A&R reports haveaddressedall
applicableATACrecommendations.

Two plannedonboard AI applications
were reported at the ATACmeeting.The
software scrub moved the functionality of
one, a medicalexpertsystem, to the
ground. Thesecond, an onboardfault
managementfunction using parsed sets, is
being evaluatedfor inclusion in the new
softwarearchitecture'sIntegratedStation
Executive(ISE).The Level I Advanced
DevelopmentProgram fund Thermal
ControlSystem automation task is proceed-
ing on schedule,and will bedeployedon the
ground initially in the EngineeringSupport
Center.This task leveragesprevious work in
the Thermal ExpertSystem (TEXSYS)
project.The lessonslearnedare particularly
applicableconsideringthe currently
baselinedmechanicallypumped thermal
bus is similar to that used in TEXSYS.The
DMS system managementAI demonstration
has evolvedfrom beingan A&R prototyping
activity to being a useful componentof the
FaultDetection,Isolation, and Recovery
design process.

The DMSandsoftware arestill in the
processof beingrestructured so definite
statementsof contentand capability are
currently not possible. The SSEhas no
known planto support A&R development,
but LevelI through AdvancedDevelopment
funding is maintainingactivities to develop
suchcapabilities.The restructuring has had
an impacton the plannedcapabilitiesof the
SpaceStationControl Center,sliding many
advancedcapabilitiesinto the future.

Work Package 3 A&R Progress

SeeAppendix B, "Flight Telerobotic
Servicer,"for automationand robotics
progress in WP3.
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Work Package 4 A&R Progress

SpaceStationFreedorn'selectricalpower
systemprovidesthe necessarypowerto
operatestationsubsystemsandpayloads.
Usingautomationreducesthe human
interventionrequiredfor dailymaintenance
andmonitoring of the powersystemand
willsubsequentlyincreasecrewproductiv-
ity.The LevelI AdvancedDevelopment
ProgramactivitiesatWP4 aredescribedin
the followingmaterial.

TheAPEXandTROUBLEIII diagnostics
expertsystemsare beingintegratedintoa
singlesystem.Thebestfeaturesof both
designsare beingcombinedto produceone
systemforthe entirepowermanagement
andcontrolfunction.Failuredetectionrules

comefromthe APEXsystemwhilegeneral
failureknowledgeis takenfromTROUBLE
II1.Failurehypothesisgenerationand
probablefailurecauseidentificationarea
blendof the techniquesfrombothsystems.
Thepowersystemfailure detectionknowl-
edgehasbeenexpandedandthe integra-
tion,verification,andvalidationof the
diagnosticfeaturescontinue.

Automatedresourceschedulingwork
hasproduceda designarchitecturethat
identifiesrolesandresponsibilitiesfor
suppliersandconsumersonboardthe
spacecraft.A hierarchicalpartitioningof
authoritypermitsbargainingamong
resourceconsumersandresourcesuppliers
undertheguidanceof afree-market
coordinator.Thisconceptusesdistributed

computingto producean optimumsched-
ule.Softwaremoduleshavebeenproduced
for numerouspayloads,electricpower,
thermal,lifesupport,navigation,andcrew
systems.Experimentshavebeenconducted
to evaluatepricingstrategiesandvalue
structuresrequiredduringthe biddingfor
resources.A prototype scheduler,using
manyof theseconceptsbutrunningona
singleprocessor,hasbeendevelopedby
DSA,Inc.,andevaluated.Manyof the
featuresof thisprototype havebeen
incorporatedintothedistributedscheduler
design.Theschedulingsystemwillbe used
to automateloadmanagementonboardthe
spacecraft.

Advancedautomationproductsarebeing
integratedintothe Lewis PowerSystem
Testbed.Severaldifferentoptionsfor
communicatingamongexpertsystems,
theirdevelopmentenvironments,andthe
testbedcomputersystemshaveshownthe
needfor botha standardandcustomized
networkinterface.Basicdesignsfor these
interfaceshavebeencompleted,andtheir
developmentis underway.Procurements
havebeeninitiatedfor distributedcomput-
ing softwarethatwillfacilitate the message
passinginvolvedwhenintegratingthese
expertsystems.

The MarshallCommon ModulePower
Testbedhasbeenlinkedwitha 20kHZLewis
PowerSystemTestbedto demonstrate

cooperativeproblemsolvingbetweenpower
supplierandconsumer.A simpleautomated
transactioninvolvingcurtailmentof power
to the modulehasbeendemonstrated.
Futuredemonstrationswill increasethe
transactioncomplexityto identifydesign
requirementsforcooperatingexpert
systems.

Roboticsrequirementsfocus onORU
teleroboticmaintenancecapabilitiesto
minimize EVAtimeforonorbitmaintenance
(seeTableA1).Standardtelerobotic
interfacesareprovided to facilitate remote
assembly,removalandreplacementof
ORUs.Robotcompatibleinterfacesand
operationsare beingtestedandevaluatedin
collaborationwithGSFC,JSC,CSA/SPAR,
MartinMarietta,andRockwellInternational.
Testandevaluationmethodsinclude
computersimulations(GSFC,JSC,CSA/
SPAR),1-g remotemanipulatortests(JSC),
1-g dexterousmanipulatortests(GSFC,
MartinMarietta),neutralbuoyancytests
(JSC,MSFC),anddevelopmenttest flights.
Recently,the 1-g dexterousmanipulator
testsweresuccessfullycompletedat
Goddard.ThesetestsinvestigatedORU
replacementtimes,evaluatedalignment
features,verifiedpropermeshingof radiant
heatexchangerfins, determinedoptimum
cameraviews,andvalidatedthe procedures
usedbyteleroboticoperators. Fromthis
experiment,completeteleroboticchangeout
of apowersystemORUusingFTSand
SSRMSwasestimatedat 50 minutes.
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Figure A1. Collisionavoidancesensingskin attached to Pumarobot arm for testing.
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FigureA2. Robotic interface classesbeingaddressed by SSFPRSISactivity
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FigureA3. Pre-lntegratedTrussconceptsfor ORUaccessibility.

Table A1. WP40RU TELEROBOTICREPLACEMENTCANDIDATES.

EXTERNALORU QUANTITY LOCATION
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BatterySubassembly 48
BCDU 24
DCSU 8
DDCU-IEA 8
PVCU 8
PVCableS=.t 4
lEA 4
lEATransitionStruc Set 4
Pump 8
CableTray 8
CableBox 16
RadiatorAssembly 4
MBSU 4
DDCU 32
RPCM TBD
PMADCableSet 2
DeployableMast & Cann 8
PVBlanket& Box 16
SSU 8

Bearing/Gear 8
Roll Ring Subassembly 8
DriveMotorSubassembly 8
ElectronicsControlUnit 8
PlatformSubassembly 8
BetaGimbalAssembly 8
BGATransitionStrucSet 8

lEA
lEA
lEA
lEA
lEA
lEA
lEA
lEA
lEA
lEA
lEA
lEA
PMADPallet
Pallet& Modules
ITAPallets
ITA

SolarArrayWing
SolarArrayWing
BetaGimbal
BetaGimbal
BetaGimbal
BetaGimbal
BetaGimbal
BetaGimbal
BetaGimbal
BetaGimbal

REPLACEMENTOPTIONS

MSC/SSRMS/FTS
MSC/SSRMS/FTS
MSC/SSRMS/FTS
MSC/SSRMS/FTS
MSC/SSRMS/FTS
EVAwith MSC/SSRMS/FTS
EVAwith MSC/SSRMS
EVAwith MSC/SSRMS
MSC/SSRMS/FTS
TBD
MSC/SSRMS/FTS
EVAwith MSC/SSRMS
MSC/SSRMS/FTS
MSC/SSRMS/FTS
MSC/SSRMSETS
EVAwith MSC/SSRMS/FTS
EVAwith MSC/SSRMS/FTS
EVAwith MSC/SSRMS/FTS
MSC/SSRMS/FTS
EVA
EVA
MSC/SSRMS/FrS
MSC/SSRMS/RS
EVAwith MSC/SSRMS/FTS
EVAwith MSC/SSRMS/FTS
EVAwith MSC/SSRMS/FTS



AppendixB

FlightTeleroboticServicer

Progress

Introduction

The FlightTeleroboticServicer(FTS)has
continuedto progresstechnicallywhile
programmatically reactingto its changing
role in the SpaceStation Freedom(SSF)
Program andwithin NASA.Manytechnical
problems havebeenresolvedandconsider-
ableprogress has beenmade on Develop-
ment Test Flight (DTF-1).Thefirst Flight
TeleroboticServicer industrial briefing took
placein December1990 andwas well
attended.Informative presentationswere
made by the prime contractorand all major
subcontractors.Also, major strides were
made in integratingthe FTSwith the SSF
architectureprior to the decisionto redirect
FTSas anOffice of Aeronautics,Exploration
andTechnology(OAET)technology
program.

The transfer of FTSfrom the Officeof
SpaceFlight (OSF)to the OAEThas created
the needto developa new program plan
beyondDTF-1and a new schedulefor
DTF-1completion,consistent with projected
funding profiles beyondFY91. An effort to
modify the FTSprime contractaccordingly
is underway.

Development Test Flight Progress

The DTF-1mission was replannedfollowing
successfulcompletion of the system level
Critical DesignReview(CDR)in October
1990. This producedan expecteddatefor

delivery to KennedySpaceCenterof May
1992,with launch in December1992. The
schedulewas consideredoptimistic but
achievablewith the proposed budgetand
was agreedto by the FTSIJrimecontractor,
Martin Marietta Astronautics Group.The
developmentprocess continuedto uncover
andthen solvetechnical problems in many
areas.Most of thesewere minor and

consideredtypical of a researchand
developmentprogram; however,two of
them should be highlighted.

Manipulatorcontrols simulations
indicatedstability problems dueto a wide
rangeof contract complianceconditions in
the task hardware.For DTF-1,the solution
to this problem is gainschedulingthat tunes
the system to the environmental stiffness.

TheOrbiter safety requirementsprovide
a major challengefor the spacetelerobotics
designer.A computer controlledmanipula-
tor system must bewatchedby an indepen-
dent computersystem in order to provide
an effectiveinhibitor to certain hazards,
such as joint runaway.Thesafety rules
require that there bea non-computer inhibit
to eachhazard.Additionally, the DTF-1
design requiresthat somefault tolerance
valuebe assignedto processors in which a
smart failure can causea hazard. (A smart
failure is onein which a computerpro-
cessesbaddata to makeit look good and
simultaneously processesgood commands
to generatebad instructions.) Thespace
andweight limits do not allow for multiple
independentcomputers at eachjoint to
avoid this problem.
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ThesafetypanelatJohnsonSpace
Center (JSC)hasdedicatedconsiderable
timeto understandingthe DTF-1designand
treatingtheseissuesina comprehensive,
objectivemanner.It appearsthatadded
analysisanda thoroughsoftwarevalidation
program willsatisfythe intentof thesafety
rules.Thepayloadsof the SSFerawill
requiregenericguidelinesfor systemdesign
andimplementationasthis type of complex
computerizedmechanicaldevicebecomes
moreprevalent.TheDTF-1payloadforms
an excellenttestcasedueto itsgeometric
limitsinthe payload bayandits simple
removabletask hardware.Thesafetyreview
processthus far hasbeenextremely
valuableinensuringthatITS hasa safe,
reliablecontrolarchitecture.

Mission Content and Status

DTF-1deliverablesaretheflightsystem,a
trainer,a simulatoranda mockup. Figure
B1 illustratestheseelements.Theflight
systemconsistsof a payloadbayelement
andanaft flightdeckelementreadyfor
integrationwiththe Orbiter.Thetraineris a
form,fit, andfu,lctionversionof theflight
systemdesignedto preparethe flightcrew
to accomplishmissiontasks. Thesimulator
meetsthe requirementsfor real-time
kinematicsimulation,task scenario
development,crewtrainingandjoint-
integratedsimulationsupport.TheDTF-1
mockupisWeightlessEnvironmentTraining
Facility(WETF)compatible.All DTF-1
deliverablesincorporateresultsfrom the
CDR.

OpenOrbiterintegrationissuescontinue
to be resolvedanddocumented.The
PayloadIntegrationPlan(PIP) was
baselinedinJuly1990 andrevision1 was
issuedinJanuary1991. Presentlythe PIP is
undergoinga reviewandincorporating
additionalchangerequests.All PIPannexes
werereviewedat GoddardSpaceFlight
Centerandforwarded to JSC;an updateto
theflightoperationssupportannexis
expectedinthelastquarter of 1991. The
payload-uniqueandmiddeckInterface
Control Documents(ICDs)werepublished
for reviewinOctober1990. BothICDswill
bebaselinedinApril1991. Thephase2
safetyreviewisscheduledfor May 1991.

Ananalysisof the DTF-1scheduleshows
two criticalpathsto meetcurrentpayload
bayelementplans.Theprimarycriticalpath
followsthe designandproductionof motor
controllerboards,theirinstallationinthe
shouldercontroller,andthesubsequent
assemblyof the manipulator.Thesecondary
criticalpathfollowsthealternatecontrolunit
design,assemblyandtests.Thesetwo
pathsconvergefor systemintegrationand
testatthe endof September1991.

Flight Telerobotic Servicer

Program Overview

Thefollowingsummaryofthe originalFTS
Program,asapprovedfor SSFin December
1986, is provided asa baselinefrom which
to formulatea newprogramplanconsistent
withNASAobjectivesandfunding. The
original(priorto OAETtransfer)ITS
Programhadtwo objectives.Thefirst was
to developa teleroboticsystemfor SSF.The
secondwasto providerobotictechnology
transferto UnitedStatesindustry.

Ob/ectives
Thereare severalspecificgoalsfor
telerobotics.Thefirst isto reducedepen-
denceoncrewExtravehicularActivity (EVA).
FTScanaccomplishthisbyaddingflexibility
to assemblyflightsandbyhelpingto meet
onorbitmaintenancerequirements.Another
goalis to enhancecrewutilizationand
improvecrewsafety.Still anothergoalisto
provideaprimarymethodfor performance
of high risk tasks, such as moving large
objects,handling hazardousfluids, being
exposedto energy releasefrom deployable
or pre-loadeditems,working in locations
with a possible focus of solar energy,and
doing long duration tasks. Thesetaskswere
targetedfor SSF,but are basicallygeneric
for most spaceapplications.

Telerobotictechnology transfer can be
achievedby outreachprograms, industrial
briefings, publication of papers,and
conferencessuch as NASATechnology
2000. FigureB2shows possibilities for
utilization of the technology developedby
the ITS Project.

The FTSProjecthadtwo Orbiter-based
test flights scheduled.Although the current
contractual requirement for DTF-1is
December1992, the flight is expectedto
occur in 1993. Thecurrent contractual
requirementfor the DTF-2is June 1994.
Figure B3illustratesthe plannedprogres-
sion from the test flights to the FTS
operationalconfiguration.



Development Test Flight
TheDTF-1mission objectivesareto
evaluatethedesign approachof the FTS
manipulatorandtheworkstation, to
correlatesystem performanceinzero
gravity with ground simulation and analy-
ses, to evaluatethe human-machine
interfaceand operatorfatigue, to demon-
stratetelerobot potential capabilities,andto
verify elementsof FTStasks. DTF-1
contains advancedrobot control technolo-
gies.As such, it is a pathfinder in manned
spaceflight robotic safety. Thecomplex
robot is controlled from the Orbiter worksta-
tion. It featuresforce feedbackto the

operator in zero gravity. Although DTF-1has
just onemanipulator, the dexterous
manipulator technology hasdirect applica-
tion to all FTSoptions for onorbit tasks.
Figure B4shows the DTF-1configuration.

Flight Telerobotic Servicer

Technical Approach

The technology integrationrequiredfor FTS
implementationwill advancerobotic state
of-the-art. FTScombines technologiesfrom
existing nuclear,underseaand manufactur-
ing robotic systems into a singlesystem
that must be reliableduring spaceflight and
also responsiveto SSFassemblyand
maintenanceneeds.Anoperational
telerobotic system with the requiredFTS
capabilitieshas never beenbuilt.

Thereare severalunresolvedissues
concerningthe DTF-2and FTSdesigns.
Theyfall into the areasof controls, safety,
packaging,thermaldesign, mobility,
manipulator kinematics,human-machine
interface,andevolution. Controls issues
include force reflection (around-the-loop-
timing), contact stability, and impedance
control (activecompliance).The safety
concern is two-fault toleranceusing
computer inhibits. Packagingissuesinclude
the manipulator internal harnessdesign (flat
cable)andthe joint controller boards
(surfacemount technology). In thermal
design,the issueis whether to use passive
surfacecoatings or heat pipes.Themobility
issueconsists of the number of degreesof
freedom in the ASPSvs. requiredstiffness.
The manipulatorkinematicsissue is the
wrist configuration.The human-machine
interfaceconcern is the interleavingof
teleoperationandautonomous capabilities.
Evolution issuesare datasystem architec-
ture, and reservecomputethroughput and
memory.

FTShasthe capability to evolve.The
basic system hasattributesthat can support
both teleoperationandautonomous control.
It has designed-incapabilitiesfor increased
autonomousoperation as technology
advances.Evolutionplans include the
introduction of supervisedautonomy. Under
supervisedautonomy,the operator per-
forms imageprocessing andreal-time
planning,while the robot, when properly
positioned,performs a subtask. Examples
of suitablesubtasksare removalof abolt or

installation of a connector.Evolutionplans
also include developmentof techniquesto
addstructure to the worksite, such as
navigationalaids and parts identification
markings.

Space Station Freedom Integration

and Restructuring

During the last5 months of 1990, therewas
an emphasison assemblytasks sanctioned
for FTSaccomplishment on SSF.These
tasksare describedin ATACProgess Report
11. The task selectionswere basedupon
mission timing predictions, non-interference
with crew EVA,availability of intravehicular
activity crew support, andability for end-to-
endperformance during a single session.
Eachtask was subjected to detailed
evaluation in the following areas:detailed
scripts, interface assessments,computer
aideddesign simulations, subtaskanalyses,
orbital replaceableunit hardwaretesting,
andvalidation plans.A task evaluationplan
containingthis materialwas producedfor
eachtask.An overalltask evaluationreport
was published.All sanctionedtasks were
found to be well within the capabilityof the
FTS.

While the sanctionedtask evaluations
were being completed,the SSFrestructur-
ing exercisestook place. In supporting
theseexercises,the role of FTSon a



restructuredSSFwasexamined.Alternative

FTSdesignapproacheswereanalyzed.New
designsrelieduponthe maximumuseof
validatedtechnologies,suchas DTF-1,for
dexterousrobots,withan emphasisonthe
perceivedneedsof SSFduringits30-year
life.Themostpromisingsuggesteddesigns
assumedFTSperformanceindependentof
otherroboticsystems.Theyalsoassumed
thatFTScouldmeetitsrequirementsfor

mobility in transport to the worksite,
stabilizationat the worksite,andpower,data
and video supplied to the worksite. At the
conclusionof the SSFrestructuring
exercises,however,plannedSSFrobotics
no longer includedFTS,FTSutility ports, or
FTSaccommodations.

Conclusion

TheFTSProgram progressestoward
completion of the DTF-1mission while in
transition to a role in developmentof flight
telerobotic technology.DTF-1will provide a
basic qualifiedset of hardwarethat canbe
used as aflying testbedto evaluateim-
provementsand additionsto this technol-
ogy. Utilizationof telerobotics in future
spacemissions will becomea low risk
option as onorbit experiencegrows.
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AppendixC

CanadianSpaceStation

ProgramA&R

Canadais responsiblefor the development
and constructionof the onlycurrently
operationalspacetelerobot,the Shuttle
RemoteManipulatorSystem (SRMS).
Canada'srole under the SpaceStation
InternationalAgreementis the development
and operation of the Mobile Servicing
System(MSS).The objectivesof the
CanadianSpaceStation Programinclude
the developmentand operationof the MSS,
participation in the operation andutilization
of SpaceStation Freedom,andthe genera-
tion andspinoff of technology development,
primarily in A&R.

Themajor hardwareelementsof the
MSS arethe Mobile ServicingCenterwhich
is the responsibilityof Canada,andthe
mobile transporter (MT) which is United
Statessupplied.The MTallows linear
motion alongthe Station.The MT was
removedas part of the SpaceStation
Restructuring;however,transport function
along one side of the RestructuredSSFcan
besupplied using the CrewandEquipment
TranslationAid (CETA).

TheMobile Servicing Center(MSC)
shown in figure C1 is composedof three
major components: the Mobile Remote
ServicerBaseSystem(MBS), the Space
StationRemoteManipulator System
(SSRMS),andthe Special PurposeDexter-
ous Manipulator(SPDM).The MBS is the
mechanicalinterfaceto the U.S.-supplied
transporter andalso includesthe power,
data,andcommunicationsystemsfor the
MSC.The MBSaccommodatesthe SSRMS,

SPDM,toolsandtwo Payload/ORU
Accommodation(POA)systemsfor holding
andtransportingOrbital ReplacementUnits
(ORU)andpayloads.TheMBSalsoincludes
an interfaceforthe FlightTelerobotic
Servicer (R'S).

TheSSRMS isfunctionally similarto the
ShuttleRMS buthasincreasedreachand

loadcapability.The SSRMSisa redundant
systemwith7 degrees-of-freedom.The
mostuniquefeatureof theSSRMS is that
bothendsareidenticalandeitherendcan

actasthe baseorthe tip. Eitherend
thereforecan becoupledandoperatedfrom
any Power DataGrappleFixture(PDGF)on
the MBSoranyotherlocationonthe Space
Station.Thisallowsthesystemto include
self-relocatabilityby moving from onePDGF
to anotherlikean inchworm.

TheSPDMcanmountandoperatefrom
any PDGFonSpaceStation,the MBSor the
endofthe SSRMSasshowninthe figure.
TheSPDMincludestwo identical7-degree-
of-freedomarmswhichare mountedona

bodywithan additional4 degrees-of-
freedom. Thesystemincludesstereo,wrist
andbody"IVcameras,atool changeout
mechanismat eachwrist,and tool storage.

TheMSS hasbeenassigneda role ina
numberof SpaceStationfunctionsinclud-
ingassembly,externalmaintenance,
payloadservicing,payloaddeployment,
retrieval,transportation,andhandling.The
SPDMwill providethe dexterouscapabili-
tiesrequiredto accomplish thesefunctions.
SPDMfunctions includeinspectionand
monitoring,ORUexchange,utilityconnect
and disconnect,mateanddemateof
connectors,removalandinstallationof
thermalcoversand blankets,surface
cleaning,andthe positioning oftoolsand
materialsto supportEVA.
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ToaccomplishtheseSpaceStation
functions, the MSS includesan impressive
listof baselineA & R technologies.The
SSRMSandSPDMwill bothhaveforce and
momentaccommodation,whichallows
limitingandthe controlledapplicationof tip
forces andmoments.Thisforce/torque
informationis alsodisplayedto theopera-
tor. All manipulatorswillhaveclosed-loop
controlusingan artificialvisionfunction
allowingautomatictrackingand captureof
markedtargets.Thetwo SPDMmanipula-
torsincludecoordinatedcontrol,allowing
the multi-armhandlingandmaneuveringof
an object.Coordinatedcontrolisalso
incorporatedforthe SSRMS/SPDM
combination,suchthatthe operatorcan
controlthetip andall jointmotionsofthe
SSRMSandSPDM.Automatictask
primitivesfor manipulatormotion,tool
positioningandactivation,andORU
removalandinstallationareplannedas part
of the baselinesystem.A numberof routine
functions for systemoperationwillalsobe
automatedsuchas systemstartupandshut
down,deploymentandstorageandtool
acquisition.

TheCanadianprogram includesan
advancedtechnologydevelopmenteffort,
withtheaim of progressiveevolutionfrom
teleoperationtowardsautonomousopera-
tions,to increasethe operationaleffective-
nessofthe MSS.The program isfocused in
selectedareaswiththeobjectiveof develop-
ing newmodulesoradd-on-typeconcepts.
Theprogramis structuredto haveproof-of-
principle demonstrationsprior to decisionto
proceedwiththe conceptaspart of the MSS
designanddevelopmentprogram.

Advancedtechnologies currentlybeing
studiedincludean MSS Commandand

Programming Language(MCPL);collision
preventionandcollision avoidance;and an
advancedvisionsystem for possibleonorbit
implementationandproceduralexpert
systems,databases,andplanningsystems
for groundimplementationto supportMSS
operations.TheMSS Commandand
ProgrammingLanguageis a flexible
automationtool basedona hierarchical
object-orientedworldmodelfor path
planninganda priorisimulation.MCPLwas
reviewedin February1990and has been
recommendedfor incorporation.The
collision preventionsystemwhich is also
recommendedfor incorporation is a model-
basedsystemfor detectionof potential
collisions of manipulatorsand their
environment andfor warning the operator.
The collisionavoidancesystem objectives
include real-timecontrolfor obstacle
avoidanceand planningof collision-free
trajectories.The advancedvision system
work is addressingunlabelledobject
identification, shapedetermination,
automatic target acquisition,andworld
model verification andupdate.

Theadvanceddevelopmentsfor ground-
basedsupport of MSS operations includesa
hierarchicalmulti-media representationof
all MSS engineeringdataand expert
systemsfor failure resolutionof MSS
systems.The planningsystem element
objectiveis to developa tool for MSS
operationsplanningandtask analysis.

Canadahasalso establisheda program
to generateandspin off technology
developmentin A&R.This program, which
is similar to the U. S. Small Business

InnovativeResearchProgram (SBIR),is
calledSTEAR(StrategicTechnologiesin
AutomationandRobotics). STEARhastwo
interrelatedobjectives:

A. Todevelopstrategically important
automation and robotics technologiesfor
potential incorporation into the MSS over its
lifetime by contractingout industry led
research.

B. To support national socio-economic
developmentby directing STEARexpendi-
tures so as to contribute to regional
distribution targets; encouragingnationwide
diffusion of information andcapability
regardingthe technologies generatedby
STEAR;andfostering an environment
conduciveto bringing about industry led
commercializationof technologiesgener-
ated by STEAR.

The STEARprogramfunds parallel
feasibilitystudies at $100Kfor 9 months
andapproximatelyhalf of these result in
proof-of-concept phasesof $1.0M over 2 to
3 years.This $70.0M program was initiated
in 1987andwill run through 1998. Approxi-
mately half the funds havebeencommitted
to date.The sevenA & R technology areas
andthe funds allocated, including future
years, are:

1. Automation of Operations($6.0M)
2. Automated PowerManagement
($1.1M)
3. Autonomous Robots ($8.1M)
4. EnhancedVision System($3.3M)
5. EnhancedManipulatorControl
Systems ($3.1M)
6. Protectionof Materialsin Space
($3.6M)
7. EnhancedSensors,Tactile ($3.6M)
Thesecontracts must be led by industry

with the MSS "Industrial Team" excludedto
encouragethe growth of small companies
andthe inclusionof universitiesand
researchlabs.



The PreliminaryDesignReview(PDR)
for the MSCis scheduledfor March 1992.
The RestructuredSpaceStation launch
dates areMarch 1996 for the SSRMSand
March 1997for the SPDM.There areno
plannedflight tests for the system, just a
checkoutphasewhen the equipmentarrives
onorbit. Theyfeel this is adequatebecause
of their experiencewith the Shuttle RMS.An
SPDMground testbed is in operation
currentlysupporting both baselineand

advanceddevelopmentactivities.A shuttle
flight experimentin 1992 will evaluatethe
artificial vision system for automated
berthing.

TheCanadianprogram is an investment
of $1.2Bto developand construct the MSS.
The system design,baselinecapabilities,
andadvancedprogram elements represent
significantadvancementinA & R technol-
ogy. The exactlevel of capability currently
operationalcould not beassessedfrom the

review.With the removalof the FTSfrom
the Restructured SpaceStation, the role of
the MSS and particularly the SPDMwill
increasesignificantly. The Canadianshave
undertakena detailedimpact assessment
and planning exerciseto addressthe
Restructuring issues.The engineering
design andthe program plan arewell
conceivedand managedandthe proper
hooks and scarsfor evolution of the system
are included.

Space Station Remote Manipulator System (SSRMS)

. ?'_ /
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AppendixD

Acronyms

A&R
AC
ARC
ATAC
AWP
C&T
CDR
CETA
Code M
CodeMT
CodeR
CodeS
CR
CSSP
DARPA
DKC
DMS
DTF-1
DTLCC
ECLSS
EMI
EMST
EPS
EVA
FDIR
FEL
FSE
FTS
GN&C
GSFC
ISE
IDR
IVA
JPL
JSC
KBS
KSC
LaRC
LCC
LeRC

Automation and Robotics
AssemblyComplete
Ames ResearchCenter
AdvancedTechnologyAdvisory Committee
AssemblyWork Platform
CommunicationsandTracking
Critical DesignReview
Crewand EquipmentTranslationAid
NASAHQCodefor the Officeof SpaceFlight
NASAHQCodefor the Officeof SpaceFlight, SpaceStation Engineering
NASAHQCodefor the Officeof Aeronautics,ExplorationandTechnology
NASAHQCodefor the Officeof SpaceScienceandApplications
ChangeRequest
CanadianSpaceStationProgram
DefenseAdvancedResearchProjectsAgency
DesignKnowledgeCapture
DataManagementSystem
DevelopmentTest Flight (first FTStest flight)
Designto Life-CycleCosts
EnvironmentalControl Life-SupportSystem
Electric-MagneticInterference
ExternalMaintenanceSolutionsTeam
ElectricalPowerSystem
ExtravehicularActivity
FaultDetection,Isolation,and Recovery
First ElementLaunch
FlightSupport Equipment
FlightTeleroboticServicer
Guidance,Navigation,and Control
GoddardSpaceFlightCenter
IntegratedStation Executive
IntegratedDesignReview
IntravehicularActivity
Jet Propulsion Laboratory
Johnson SpaceCenter
Knowledge-BasedSystems
KennedySpaceCenter
LangleyResearchCenter
Life-CycleCost
LewisResearchCenter



Acronyms---continued

MSC
MSFC
MTC
MUT
NASA
OAET
OMS
ORU
PDR
PDRD
PIT
PMAD
PMC
POP
RSIS
RTDS
SDP
SDTM
SPDM
SSCC
SSE
SSF
SSFP
TCS
TEXSYS
WETF
WP

MobileServicingCenter
MarshallSpaceFlightCenter
Man-TendedCapability
MissionUtilizationTeam
NationalAeronauticsandSpaceAdministration
Officeof Aeronautics,ExplorationandTechnology
OperationsManagementSystem
OperationalReplacementUnit
PreliminaryDesignReview
PDRDocument
Pre-lntegratedTruss
Power Managementand Distribution
PermanentlyManned Capability
Program OperatingPlan
Robotic Systems IntegrationStandards
Real-TimeDataSystem
Standard DataProcessor
Station DesignTradeoff Model
Special PurposeDexterousManipulator
SpaceStation ControlCenter
Software Support Environment
SpaceStationFreedom
SpaceStation FreedomProgram
ThermalControlSystem
ThermalExpertSystem
WeightlessEnvironmentalTest Facility
Work Package
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AppendixE

NASA Advanced Technology Advisory Committee

MembersandAlternates

HenryLure,Jr., Chairman,Chief,InformationSciencesDivision,ARC
JohnBull,ExecutiveSecretary,ARC
EdChevers,AlternateExecutiveSecretary,ARC
LeslieHoffman,Administrative Assistant,ARC

Henry Plotkin,Assistant Director for DevelopmentProjects,GSFC
Stan Ollendorf,Alternate, GSFC

GiulioVarsi, Manager,SpaceAutomation and Robotics Program,JPL
WayneSchober,Alternate,JPL

Jon D.Erickson,ChiefScientist,Automation and RoboticsDivision,JSC

Tom Davis,Chief,AdvancedSystemsandTechnologyOffice,KSC
Astfid Heard,Alternate,KSC

Alfred Meintel,Jr., Asst. Chief,Information Systems Division, LaRC
KelliWillshire,Alternate,LaRC

DenisConnolly, DeputyChiefof AppliedResearch,SpaceElectronicsDivision,LeRC

JonathanHaussler,ResearchandTechnologyOffice,MSFC

LiaisonMembers
GreggSwietek,Managerof SpaceStationAdvancedDevelopmentProgram,HQ/MT

Mark Gersh,Alternate,HQ/MT

LeeHolcomb,Director,Information SciencesandHumanFactorsDivision,HQ/RC
Mel Montemerlo,Alternate, HQ/RC

G. Roth,AerospaceSafetyAdvisoryPanel

JoAnn Clayton,AeronauticsandSpaceEngineeringBoard
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